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MINERALS. 


100 pp. Illustrated Catalogue Fre:: 


To any person mentioning this Journal, or copies handsomely bound in 
cloth, 25c., postpaid. Our new Catalogue (15th edition), was issuel 
June ist. It contains (a), Scientific Papers and Notes, 41 pp.: (b), A 
Classified List of Mineral Species, 31 pp., including all species described 
in Daha’s System of Mineralogy and its three Appendices, with a com- 
plete list of all new species described up to May, 1890, giving in each 
case the crystallographic form and chemical composition ; (¢) An Index 
of some 3,000 mineralogical names. It is strictly scientific in character, 
our business being to supply scientifically labeled and classified min- 
erals to colleges and students. 


Rare Texas Yttria and Thoria Minerals. Mr. Niven’s recent visit 
to the localities has yielded us a large number of specimens. Now in 
stock : Fergusonite in large crystals, one of them 12 inches long, per- 
fectly terminated and with crystals of Thorogummite and Cyrtolite at 
the base, $25.00. Cyrtolite in groups of superb crystals. Nivenite 
(new), Gadolinite, Allanite, Thorogummite (new), etc. Prices very 
much lower than heretofore. 


Celestite from West Virginia, described in American Journal of 
Science, March, 1890, by Prof. Geo. H. Williams. A fine lot of the rare 
pyramidal crystals, 15c. to $3.50. 


1,000 Choice Garnet Crystals from Salida, Colorado, ranging from 
% inch in diameter (4 0z.), up to 54 inches (53 lbs.), and from i0c. to 
$6.00. Two Large gangue specimens. 


Topaz Crystals from San Luis Potosi. Mr. Niven has just shipped 
the largest, most brilliant and perfect crystals ever found in this cele- 
brated locality. Some of them are fully two inches long and doubly 
terminated. Good little crystals as low as 10c. A splendid stock of 
crystals in the matrix, 25c. to $25.00. 


Hyalite from Mexico, extra good. 


REMEMBER ALSO OUR FINE STOCK OF 


ARKANSAS MINERALS: Phenacite, Bertrandite, Spessartite, Amazon 
Stone, Barite, Rhodochrosite, Vanadinite, Descloizite, Calcite, Epidote, 
Azurite, Malachite, Chrysocolla, Quartz, Atacamite, Amarantite. 
Wultenite, Chalcanthite, Copper pseudomorphs after Azurite, etc., etc. 


IN OUR TWO STORES WE HAVE THE 
Largest, Finest and Most Complete Stock of Minerals in the U. S. 


MINERALS FOR BLOW-PIPE ANALYSIS A SPECIALTY. 


Goniometers, Lenses, Mineralogical Books and Sundries. 


GEO. L. ENGLISH & CO., Dealers in Minerals, 
1512 Chestnut St., Philadelphia. 739 and 741 Broadway, New York. 
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AMERICAN JOURNAL OF SCIENCE 


[THIRD SERIES.] 


Art. XII.—On the Cheapest Form of Light, from studies 
at the Allegheny Observatory ; by 8S. P. LANGLEY and F. 
W. Very. (With Plates II], [V and V.) 


THE object of this memoir is to show by the study of the 
radiation of the fire-fly that it is possible to produce light with- 
out heat other than that in the light itself; that this is actually 
effected now by nature’s processes ; and that these are cheaper 
than our industrial ones in a degree hitherto unrealized. By 
“cheapest” is here meant the most economical in energy, 
which for our purpose is nearly synonymous with heat; but 
as a given amount of heat is producible by a known expendi- 
ture of fuel at a known cost, the word “cheapest” may also 
here be taken with little error in its ordinary economic appli- 
cation. 

We recall that in all industrial methods of producing light, 
there is involved an enormous waste, greatest in sources of low 
temperature, like the candle, lamp, or even gas illumination, 
where, as I have already shown, it ordinarily exceeds 99 parts 
in the 100; and least in sources of high temperature like the 
incandescent light and electric arc, where yet it is still immense 
and amounts even under the most favorable conditions to very 
much the larger part. 

It has elsewhere* been stated that for a given expense at 
least one hundred times the light should in theory be obtain- 
able which we actually get by the present most widely used 

* See results of an investigation by S. P. Langley, read before the National 
Academy in 1883, and given in “Science” for June 1, 1883; where it is shown 


that in the ordinary Argand burner gas flame indefinitely over 99 per cent of the 
radiant energy is (for illumination purposes) waste. 
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methods of illumination. This, it will be observed, is given as 
a minimum value, and it is the object of the present research 
to demonstrate that not only this possible increase but one still 
greater is actually obtained now in certain natural processes, 
which we know of nothing to prevent our successfully 
imitating. 

It is now universally admitted that wherever there is light, 
there has been expenditure of heat in the production of radia- 
tion existing in and as the luminosity itself, since both are but 
forms of the same energy ; but this visible radiant heat which 
is inevitably necessary is not to be considered as waste. The 
waste comes from the present necessity of expending a great 
deal of heat in invisible forms before reaching even the 
slightest visible result, while each increase of the light repre- 
sents not only the small amount of heat directly concerned in 
the making of the light itself, but a new indirect expenditure 
in the production of invisible calorific rays. Our eyes recog- 
nize heat mainly as it is conveyed in certain rapid ethereal 
vibrations associated with high temperatures, while we have no 
usual way of reaching these high temperatures without passing 
through the intermediate low ones; so that if the vocal produe- 
tion of a short atmospheric vibration were subject to analogous 
conditions, a high note could never be produced until we had 
passed through the whole gamut, from discontinuous sounds 
below the lowest bass, up successively through every lower 
note of the scale till the desired alto was attained. 

There are certain phenomena, long investigated, yet little 
understood, and grouped under the general name of “ phos- 
phorescent ” which form an apparent exception to this rule, 
especially where nature employs them in the living organism, 
for it seems very difficult to believe that the light of a fire-fly, 
for instance, is accompanied by a temperature of 2000°, or more, 
Fahr., which is what we should have to produce to gain it by 
our usual processes. That it is, however, not necessarily im- 
possible, we may infer from the fact that we can by a known 
physical process, produce a still more brilliant light without 
sensible heat, where we are yet sure that the temperature ex- 
ceeds this. No sensible heat accompanies the fire-fly’s light, 
any more than need accompany that of the Geissler tube, but 
this might be the case in either instance, even though heat 
were there, owing to its minute quantity, which seems to defy 
direct investigation. It is usually asswmed, with apparent 
reason, that the insect’s light is produced without the invisible 
heat that accompanies our ordinary processes, and this view is 
strengthened by study of the fire-fly’s spectrum, which has 
been frequently observed to diminish more rapidly toward the 
red than that of ordinary flames. 
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Nevertheless, this though a highly probable and_ reasonable 
assumption, remains assumption rather than proof; until we 
can measure with a sufficiently delicate apparatus the heat 
which accompanies the light and learn not only its quantity, 
but what is more important, its quality. Apart from the 
scientific interest of such a demonstration, is its economic value, 
which may be inferred from what has already been said. I 
have therefore thought it desirable to make the light of the 
fire-tly the subject of a new research, in which it is endeavored 
to make the bolometer supplement the very incomplete evi- 
dence obtainable from the visible spectrum. 


As we may learn from elementary treatises, phenomena of 
phosphorescence are common to insects, fishes, mollusks, vege- 
tables, and organic and mineral matter. Among luminous 
insects the fire-fly of our fields is a familiar example, though 
other of the species attain greater size, and perhaps greater 
intrinsic brillianey, especially the Pyrophorus noctilucus Linn., 
found in Cuba and elsewhere. Its length is about 37"", width 
11™", and it has, like Pyrophori, three light reservoirs—two in 
the thorax and one in the abdomen. To procure this Cuban 
fire-fly I invoked the aid of the Smithsonian Institution, and 
through the kindness of Professor Felipe Poey, of Havana, and 
Seftor Albert Bonzon, of Santiago de Cuba, in the Island of 
Cuba, living specimens of the Pyrophorus noctilucus were 
received here during the summer of 1889. I have also to 
acknowledge my obligations to Professor C. V. Riley and to 
Professor L. A. Howard, to whose knowledge and kind care I 
am doubly indebted. 

After a preliminary spectral examination in Washington, I 
found it more convenient to continue the research at the Alle- 
gheny Observatory by means of the very special apparatus “~ 4 
plied by the liberality of the late William Thaw of Pittsburgh, 
for researches in the lunar heat-spectrum.* Photometric 
measurements throughout the spectrum of the insect’s light 
were also made. 

I have indicated the steps of the investigation, but the ex- 
agg have been so largely and so intelligently made by 

r. F. W. Very, that it is just to consider him as an associate 
rather than an assistant in the researches. I shall accordingly 
in what follows not discriminate between what each has con- 
tributed. 


HistoricaLt Notes. 


We make no attempt to give any bibliography of the sub- 
ject, and these notes are confined to what seems important in 
the history of the physical side of it. 


* Described in the Memoirs of the National Academy, vol. iv, Part II, p. 112. 
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Nathaniel Hulme.'—Exper. 6. A dead shining glow-worm 
was put upon water, contained in a wide-mounted phial, at the 
temperature of 58. The phial was then sunk in boiling hot 
water, and as the heat communicated itself to the contents of 
the phial, the light of the glow-worm became much more vivid. 

Exper. 7. Another lucid dead glow-worm was put into warm 
water, at 114, to see if that degree of heat would extinguish 
the light ; but on the contrary its glowing property was ang- 
mented. All the water was then poured off, yet the insect 
continued to shine for some length of time. 

Exper. 8. Two living glow-worms were put into a one ounce 
phial, with a glass stopple; and though they were perfectly 
dark at the time, yet if the phial was briskly rnbbed with a 
silken or linen handkerchief, till it became pretty warm, it 
seldom failed to make them display their light very finely. 
This experiment was very frequently repeated. It had the 
same illuminating effect upon the light of a dead glow-worm. 

Exper. 9. The complete influence of 212 degrees of heat 
was now applied to the light of a glow worm, by pouring upon 
one when dead, but in a luminous state, some boiling water. 
Its light was instautly extinguished thereby and did not revive. 
The experiment was repeated and with the same result. 

Macairé (quoted by Becquerel) found that the luminous 
matter taken from the body of a glow-worm and heated, in- 
creased in brilliancy up to a temperature of about 41° C., after 
which the light diminished, became reddish and ceased at 52° 
C. An electric current increased the luminosity in both the 
living insect, and in the luminous part separated from the 
remainder of the body, but ceased to have any effect in a 
vacuum. Oxygen and carbon monoxide increased the light 
of the living insect and of the luminous matter taken from its 
body, but the light ceased in a vacuum, in hydrogen, in car- 
bon dioxide, in sulphurous anhydride, and in sulphureted 
hydrogen. 

Carus’ observed that the luminous matter taken from the 
body of the glow-worm ceases to shine when dried but glows 
again when moistened. 

Matteucci* found that the phosphorescent substance of the 
Italian glow-worm (Lampyris [talica) soon ceased to glow in 
hydrogen or in carbon dioxide, but shone decidedly brighter 
in oxygen than in air, the oxygen being consumed and carbon 
dioxide appearing. He drew the conclusion that the produc- 
tion of light in this insect is entirely due to the combination 

1 Philos. Trans., Roy. Soc.. London, vol. xe, p. 180-181, 1800, 

2 “ Bibliotheque Univ. de Genéve.” 1821. . 

3 Analecten zur Natur- und Heilkunde,” Leipzig, 1829; see also Comptes 


Rendus, lix, p. 607, 1864. 
4“ Ann. de chim. et de phys.,” III, ix, p. 71, 1843, also in C. R., xvii, p. 309. 
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of oxygen with carbon which is one of the elements of the 
phosphorescent matter. The greatest brilliancy occurred at a 
temperature of 37° or 38° Cent., but all phosphorescence ceased 
above 50° or below —6° Cent. 

Robert’ found that a glow-worm cut in halves continued to 
glow for half an hour, when the light ceased, but commenced 
again on the near approach of a candle, and continued as bright 
as ever for thirty-six hours, after which it was impossible to 
renew it. 

Pasteur’ has examined the spectra of our Pyrophorus with- 
out finding any appearance of bright or dark lines. He states 
that M. Gernez has made a similar observation on the spec- 
trum of the glow-worm. 

Becquerel’ gives a good summary of the results of previous 
observers. Since phosphorescent solids give banded spectra 
and thus differ from ignited solids and liquids which have con- 
tinuous spectra, M. Becquerel concludes, from the apparent 
continuity of the spectrum of the light from phosphorescent 
animals, that their light approaches nearer to that of ordinary 
incandescence,—a deduction which the following result renders 
unnecessary. 

C. A. Young‘ states that the “common” fire-fly gives a 
continuous spectrum, extending from a little above Fraun- 
hofer’s line C in the scarlet, to about F in the blue, gradually 
fading out at the extremities. He observes that it is notice- 
able that precisely this portion of the spectrum is composed of 
rays, which, while they more powerfully than any others 
affect the organs of vision, produce hardly any thermal or 
actinie effect. In other words very little of the energy ex- 
pended in the flash of the fire-fly is wasted. 

(This is a most important and interesting inference, but it 
will be observed that this is necessarily rather assumed as 
highly probable than actually demonstrated, since the method 
did not permit the dealing with the invisible rays except by 
inference.) 

It is quite different with our artificial methods of illumina- 
tion. In the case of an ordinary gas light, experiments show 
that at most, one per cent of the radiant energy consists of 
visible rays, the rest being invisible heat; that is to say over 
ninety-nine per cent of the gas is wasted in producing rays 
that do not help in making objects visible.* 

1C. R., xvii, p. 627, 1843. 

lix, p. 509, 1864. 

3 “Ta lumiere,” 1867. 

*The American Naturalist, Salem. 1870, vol. iii, p. 615. 


5S. P. Langley has shown that the waste is in fact even greater than this; 
see “ Science,” vol. i, No. 17, p. 482, 1883. 
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Scechi' at first thought that the spectrum of the glow-worm 
was monochromatic, but with an improved spectroscope, recog- 
nized that other colors were present, though feebly and decided 
that the spectrum was sensibly continuous. 

Quatrefages, in connection with the paper of Secchi, remarks 
that the previous observations of Spallanzani and Macaire, re- 
peated with much care by Matteucci and Becquerel, show 
beyond doubt that the light of glow-worms and elaters is due 
to slow combustion. Thus the light is extinguished in a 
vacuum, and in irrespirable gases, it reappears in contact with 
the air, it is perceptibly increased by the presence of pure 
oxygen, it persists after the death of the creature, and finally 
it is accompanied by the generation of carbon dioxide. Never- 
theless he points out that there is a distinct kind of phosphores- 
cence in the marine Noctilucide, due to the contraction of 
muscular fiber, the shining tissue being seen through the 
translucent body wall. This species of phosphorescence is 
increased by irritants, but is independent of the presence of 
oxygen and is not extinguished or in any way moditied by 
hydrogen or by carbon dioxide. 

Robin and Laboulbene® find the luminous organs of P. noc- 
tilucus composed of irregularly polyhedral cells, 0:04™" to 
0-06™ thick, between which pass very numerous fine trachez 
and nerves. The inner face of the organ is composed of 
adipose tissue, and the outer of a transparent modification of 
the ordinary chitinous covering of the insect. The authors 
conclude that the light is due to chemical decomposition of a 
nitrogenous body with formation of crystalline urates. 

Jousset de Bellesme* finds that although the phosphorescent 
cells, when separated from the body of the insect, continue to 
glow for several hours, yet if crushed they instantly lose their 
illuminating power, which indicates that for the production of 
the light, the living cells must retain their integrity, and that 
they are not mere reservoirs of a phosphorescent substance, 
but continuons generators of it. He surmises that the light- 
giving substance may be phosphureted hydrogen. 

Meldola’ is quoted by Spiller’ as having examined the glow- 
worm spectrum and determined its approximate limits. 

Conroy’ finds the glow-worm’s light green, and in a small 
direct vision spectroscope showing a continuous spectrum from 
C to b, appearing like a broad band of green light extending 
from 0“:518 to 0”587 with a faint continuous spectrum into 
the red to 0-656. 


1C. R., Ixxv, p. 321, 1872. > C. R., Ixxv, p. 322, 1872. 
3C. R., Ixxvii, p. 511, 1873. #0. R., xe, p. 318, 1880. 
5 “Proc, Entomological Soc..” p. iii, 1880. § “ Nature,” vol. xxvi, p. 343. 


7 “Nature,” vol. xxvi, p. 319, 1882. 
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R. DuBois.:— Perhaps the most important of previous 
memoirs on phosphorescent insects is by this writer. It con- 
tains an account of photometric measures in wave-length scale, 
and also of heat measures with the thermopile. The latter 
represent the only attempt even, in this direction, I know of, 
and seem to be judiciously made but to be insufficient (on 
account of the limitations of such apparatus) to establish the 
author’s conclusion that the light is accompanied by no sensi- 
ble heat. This conclusion, we repeat, though very probably 
correct, does not seem to rest on the evidence of an apparatus 
of at all the necessary sensitiveness. This memoir, however, 
appears to be in general an excellent one, and well worthy the 
student’s attention. 

From all these statements it is abundantly clear that not 
only physicists and chemists, but naturalists, have been led to 
conclude that this light is not associated indissolubly with any 
so-called vital principle or vital process, but it is a result of 
certain chemical combinations, and that nothing forbids us to 
suppose it may be one day produced by some process of the 
laboratory or manufactory. With this conclusion in mind, we 
now proceed to observations meant to demonstrate the fact 
that this process (presumably discoverable but still unknown) 
gives light without invisible heat. 

These observations are: 1. Photometric. 2. Thermal. 


Part 1.—PHorToMETRIC OBSERVATIONS. 


The first impression on viewing the light of the Pyrophorus 
noctilucus through a spectroscope is that it consists essentially 
of a broad band in the green and yellow, while with precaution 
we see this extending into and beyond the borders of the blue 
and orange, but not very greatly farther, and these have been 
taken by previous observers as its absolute limits. No one 
appears to have experimentally and distinctly answered the 
question, “ Would the light not extend farther were it bright 
enough to be seen?” nor has it been proven as clearly as might 
be desired that the result depends on the quality rather than 
the quantity of the light, or given conclusive evidence, that if 
the light of the insect were as bright as that of the sun it 
would not extend equally far on either side of the spectrum. 

It is impossible to increase the intrinsic brilliancy by any 
optical device, but if it be impossible to make the light of the 
insect as bright as that of the sun, it is on the other hand quite 
possible to make the light of the sun no brighter than that of 
the insect, and this would appear to be the first step in obtain- 
ing a definite proof that the apparently narrow limits of the 
insect’s spectrum are due to the intrinsic quality of the light 


1“ Bulletin de la Société Zoologique de France,” parts 1, 2 and 3, 1886. 
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and not to its feeble intensity. The only conclusive method 
of determining this would appear to be to balance the light 
from the insect with that of a definite portion of sunlight by 
any ordinary photometric device; and having taken this sun- 
light as nearly equal as possible to that of the insect, though 
certainly not greater, to let this determined quantity fall on 
the slit of a spectroscope at the same time with the light from 
the insect, two spectra being formed one over the other in the 
same field and at the same time. 

The actual doing this is not so easy as it might appear, 
owing to experimental difficulties connected with the insect, a 
part of which arises from the fact that its light is not only 
fitful but unequal, being of very varying intensities when not 
wholly intermittent. 

The simplest way in which the experiment can be performed 
is perhaps the following : 

The insect is placed immediately in front of the slit of a 
spectroscope so that the light of its thoracic or abdominal por- 
tion falls upon the slit. This forms a narrow spectrum which 
should be brought into the lower or upper half of the field, 
the insect being attached to the spectroscopic apparatus in a 
position as nearly fixed as possible. The spectroscope is now 
placed with the axis of its collimator in the line of a ray of 
sunlight cast from a heliostat without. In the path of this 
ray is a screen with a circular diaphragm covered with ground 
glass ; a lens in front of the slit casts on one portion of it an 
image of the white circle formed by the ground glass, which 
image is the same size as the illuminating organ of the insect 
and forms a spectrum of the same height in the reserved por- 
tion of the field. A suitable disposition of lenses placed be- 
tween the glass screen and the siderostat enables any degree 
of illumination to be given to the former, from full sunlight 
to nearly absolute darkness. If the normal spectrum be 
studied, a grating is selected of such open ruling that the 
entire visible spectrum of the first order can be seen in the 
field, but the grating is first so placed that what is seen is not 
the spectra but the reflected image of the slit, the grating thus 
acting (at first) the part of a mirror; so that the observer first 
sees the two circles of light of approximately equal size and 
brilliancy, one formed by the insect, the other by the sunlight, 
and the light of this latter, by the arrangement of lenses 
between the screen and the siderostat is then adjusted so that 
while remaining of the size of the insect, it is judged to have 
the same intrinsic brilliancy ; or at any rate, not a superior one. 

The essential thing is that a photometric comparison shall 
be made of the two lights before the spectra are formed, and 
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that under these conditions the sunlight is equal but not supe- 
rior to that of the insect. 

The necessary condition of equality of the two lights from 
which the spectra are to be formed, having thus been secured, 
the grating is moved until the two spectra are brought into 
the field. The result of this direct test is that the solar spec- 
trum wher intrinsically of the same brightness, or even when 
clearly of less brightness than that of the insect eXtends some- 
what further toward the red and distinctly further toward the 
violet, the insect light being more intense than that of the sun 
for equal lights in the green, but ending more abruptly on the 
violet side. 

It may be added that when the insect’s light grew brighter, 
the increment appeared to be more in the blue end or as if the 
average wave-length diminished, with the intensity, but there 
was not opportunity to put this beyond doubt. 

Photometric observations in the prismatic spectrum were 
made previously to the adoption of the arrangement above 
detailed, the first being on July 1, 1889, using thoracic light. 
The insect was mounted on an adjustable stand to which it 
was attached loosely, so as to give it such freedom of motion as 
is needed to ensure its emitting the light. It was consequently 
necessary to re-adjust its position incessantly, and this necessity 
constitutes a very obvious difficulty. The thoracic light spots 
are two ovals, each about 2™™ by 1:5" (see Plate ITI, fig. 1). 
Their light is not so bright as the abdominal light, but much 
steadier, and like that, of a decidedly greenish hue. One of 
these oval spots was placed over the center of a slit, open just 
enough to receive the light, or about 15°". This slit was in 
the focus of a glass lens of 8™ aperture and 82™ focus, 
which acted asa collimator. The prism was a very large one 
of flint (faces 11°5™ high, 10°5™ wide), whose mounting 
included an automatic minimum deviation attachment. The 
observing lens was similar to the collimator, with a low-power 
eye-piece in whose field was a pair of heavy vertical parallel 
wires. The whole was mounted on the spectrometer, primarily 
designed for bolometric measures and fully described else- 
where.* The insect turned so as to show the abdominal light 
is depicted in Plate III, fig. 2, the form of this latter organ on 
the enlarged scale in Plate ITI, fig. 3. 

The observer waited for some time in a wholly darkened 
room, and to the eye thus rendered sensitive, the visible spec- 
trum, before magnification, was about 2™™ high and 20™™ long, 
the parallel wires being distinctly visible in the indigo at a 
setting of 45° 25’, corresponding to a wave-length of 0%-468, 
and in the red at 43° 53’, corresponding to 0“°640. The spec- 


* See this Journal, March, 1883, p. 188. 
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trum then was visible from a little beyond F to near C, or 
through a range of 0“:172. As might have been anticipated 
from the greenish color of the light, the maximum brillianey 
was in the green near E, or near wave-length 0/53.* From 
this point the light fell away on both sides more rapidly than 
in the solar spectrum. (See Plate IV, A, B.) 

July 2. A comparison of the spectra of the thoracic and of 
the abdominal light gave she latter upon the average about 
double the intrinsic brightness of the former. This was only 
a erude estimate, but more exact methods under the limited 
time for experiment would have been useless, owing to the 
very fluctuating character of the light. In continuation of the 
photometric measurements of the preceding day on the tho- 
racic light, this was compared with that from the flame of an 
ordinary Bunsen burner at its greatest luminosity, whose area 
was limited by a diaphragm to that of the size of the thoracic 
light. The light from the base of this luminous flame (height 
of flame about 3°5™, air shut off at base of burner) gave a 
continuous spectrum, which in these first comparisons was 
alternated with that of the insect. The spectra were judged 
to be equal in the blue and the red, but that of the insect was 
much brighter in the green. Again, a spectrum being formed 
from light taken midway between the base and point of the 
flame was found to Le everywhere too bright, but especially so 
in the red. 

July 8. Continuation of photometric measures but with 
abdominal light. (An outline of the abdominal luminous 
organ is given in Plate ITI, fig. 3.) 


Wires seen in indigo 45° 29’ 0°463 Abdominal light. 
“red 43 47 0°663 Range 0-200. 
indigo 46 56 0°390 Range 0/*382. 
red 43 21 o-772 Bunsen burner. 


(Luminous flame 4™ high, at point one-third down from top, 
just within inner and slightly darker cone, seen through hole 
2°5"" in diameter.) Under these circumstances the spectrum 
of the insect’s light was in the green a fair match for that of 
the burner, elsewhere the latter was brighter but not very 

reatly so. Since the insect’s spectrum was followed through 
0“-18 with the thoracic light while with that of the same char- 
acter but double the brightness it was followed only through a 
very little more, or 0“:20, and while at the same time that of a 
but slightly brighter artificial flame was followed through 
nearly double or 0“:38, it seems probable that the insect’s light 
actually ceases near the given limits, and does not merely dis- 
appear from the inability of the eye to follow a diminishing 


* In the normal spectrum the maximum has a wave-length 0/57. 
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light. While we observe from these first photometric meas- 
ures that the insect’s spectrum has undoubtedly a decided 
maximum in the green, we are led to infer that this spectrum 
is very probably of the nature of a broad band stretching from 
beyond F to near C where it terminates, and this very im- 
portant inference we shall see confirmed later by other and 
more exact measures. 

August 5. Comparison of relative brightness in different 
parts of spectrum of abdominal light with that from a student’s 
lamp. 

ry spectrometer supplied with means* for bringing into the 
same field the spectra of two different lights, formed by a 
Rutherfurd grating of 17296 lines to the inch (instead of the 
prism) was employed for this purpose. The upper half of the 
slit received the insect’s light, the lower half a beam from the 
brightest part of the Argand flame, which had passed through 
two Nicol’s prisms, one of which was attached to a divided 
circle. The two spectra were then seen in the same field with 
their edges in exact juxtaposition. In the field of the observ- 
ing telescope was a slit 1°" wide, subtending not quite 9°5 
(minutes of are), which allowed light having a range of wave- 
length of about 0“-01 to pass. The spectrum of the lamp-light 
was brighter in every part of the field though in unequal 
degrees till it was diminished by turning the Nicol’s prism. 
The angle through which the prism was turned to produce 
equality having been noted, the values deduced from the 
ordinary formula (transmitted light =/ cos’ a, the angle a being 
90° when the light is diminished as much as possible by cross- 
ing the‘planes of the Nicols at right angles) are as follows, 
where the fractions are those by which the brightness of the 
lamp spectrum at the various points is to be multiplied to pro- 
duce equality with the insect spectrum. 


Part of spectrum 
corresponding to pe Orange 
center of slit at ve Green Green Yellow yellow 
focus ot observing near near green. Citron. Yellow. near Orange. 
telescope. F b E D 
Wave-length, . 0°51 0°53 0°54 0°56 0°58 0°59 0°60 
Brightness, 0°21 «0°34 O19 O17 0°09 


Owing to the motion of the insect and the varying brilliancy 
of the light emitted, these figures (each of which is the result 
of the mean of several trials including at least two measures) 
still leave much to be desired. The supply of the insects 
which had been procured and maintained alive with difficulty, 
however, did not allow of the experiments being further pro- 
longed, nor of the securing a direct comparison with the solar 


* Alluded to but not fully described in this Journal, August, 1877. 
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spectrum. The value of each part of the lamp spectrum hav- 
ing, however, been independently determined with all possible 
exactness in terms of the solar spectrum, we are enabled to 
exhibit a comparison of the latter with the insect spectrum so 
as to show them together (Plate IV, figs. A and B). It is 
assumed that the same amount of luminous intensity (i. e. 
energy in terms of vision as determined by purely photometric 
methods) is taken whether from the sun or the insect. The 
subjoined curves (Plate IV, fig. 1) show the solar and the insect 
luminosity throughout the visible spectrum on the preceding 
assumption of the intrinsic equality, a result which, however, 
might be liable to a slight correction of the relative places of 
the maxima if a direct comparison with sunlight were ob- 
tained. The important fact, however, seems to be brought 
out almost beyond question that when spectra are formed from 
two equal lights, one from the sun the other from the insect, 
the latter’s spectrum terminates both at an upper and a lower 
limit at which the solar light is still conspicuous. The conelu- 
sion follows that the insect spectrum is lacking in the rays of 
red luminosity and presumably in the infra-red rays, usually of 
relatively great heat, or that it seems probable that we have 
here light without heat, other than that heat which the lumin- 
osity itself comprises and which is but another name for the 
same energy. 

Any other supposition would apparently involve the hypo- 
thesis that the spectrum, which we have seen end at the red, 
has a renewal in the invisible infra-red where the main portion 
of the solar heat and that of all ordinary illuminants is known 
to exist. Although this last hypothesis cannot be considered 
to have much weight, and though we are led to agree with 
previous observers that it may be assumed with much prob- 
ability that the ordinary invisible heat would, if we had means 
to observe it, be found unassociated with the fire-fly’s light, 
yet this assumption is itself far from being proof, and in view 
of the great importance of the conclusions in question, we shall 
now try whether it be possible to settle the point by thermal 
measures with the bolometer. 


Part 2, THERMAL OBSERVATIONS. 


To give an idea of the amount of heat at our disposition for 
experiment, and of the actual minuteness of the radiation 
which proceeds from even the most luminous tropical insect, 
we may say that if that rate of radiation from a lamp-black 
surface | sq. cm. in area, which represents the amount of heat 
necessary to raise 1 gram of water, 1° centigrade, in 1 minute 
(i. e. one small calorie) be taken as unity, then the luminous 
radiation of the fire-fly’s heat, per square em. of exposed 
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luminous surface, as we have found, is about 0°0004 calorie in 
10***, and the total luminous radiation from the most power- 
fully illuminating light spot of the insect (the abdominal one) 
will not exceed 0°00007 calorie in the same time. But a small 
portion of this could fall upon the bolometer, and that which 
actually reached it during the time (10***) required for each 
observation, was sufficient only to affect an ordinary mercurial 
thermometer having a bulb 1™ in diameter by rather less than 
0°-0000023, or by Yess than godess Of one degree centigrade. 

We have just mentioned that the total amount of heat 
radiation upon which we have to make our investigation repre- 
sents less than zy;4 yy calorie, while that portion of this which 
falls upon the apparatus, would in the time of one operation, 
only raise the temperature of an ordinary mercurial thermo- 
meter by less than ;yjy5y5 degree, and we have first to notice 
the difficulty that in case invisible heat exists in company with 
the light (and it certainly does exist in ordinary emanations 
from the surface of any living creature independent of phos- 
phorescence), we have in this minute radiation, heat of two 
different kinds, both invisible and which it is yet indispensable 
for us to discriminate. 

We are helped to do this by the consideration that while the 
insect, like any non-luminous one, must emit “animal heat ” 
from all its surface, its general surface temperature is certainly 
low, since it feels cold to the hand whose greater warmth ex- 
cites it to shine. This heat then corresponds to a temperature 
much below 50° Cent., and such temperatures must, as we have 
shown in other memoirs, be accompanied by the emission of 
waves whose length relegates them to quite another spectral 
region to that in which the invisible heat associated with light 
mainly appears. We can then discriminate the rays of this 
invisible “animal” heat without the formation of a heat spec- 
trum by their inability to pass through a glass which transmits 
with comparative freedom, radiant heat whose wave-length is 
less than 3”, the latter including the region where if there be 
invisible heat radiated with the light it must mainly lie. 

The heat in the spectral region of the infra-red we are con- 
sidering, we know in advance must be, if it bear any sort of 
relation to the light, almost immeasurably small, and in fact it 
defied at first all attempts to obtain not merely a quantitative 
measurement but even any certain experimental evidence of 
its existence. At last upon July 24, with the arrival of a new 
stock of over two dozen insects and with the aid of experience 
derived from previous failures, these heat measures were 
resumed. For the first described, the thoracic light is taken. 

The insect was placed 125™ from the mirror of 25°4°™ aper- 
ture and 73°4™ focus, so that its image was formed at 178™ 
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and enlarged about 1:42 diameters, when a small portion of it 
filled an aperture equal to the bolometer employed, which was 
selected from the most sensitive of those used in previous 
researches in lunar heat and had an aperture of 19% ™™. By 
the preceding arrangement of the mirror an image of one of 
the thoracic bright spots, with enough of the surrounding body 
to represent an area of about 13°4™", was enlarged to nearly 
- the surface of the bolometer. 

Employing all the precautions taught by a multiplied experi- 
ence, we obtained by a series of exposures of the bolometer to 
the insect radiation a series of small but real galvanometer 
deflections which represent the excess of total heat radiations 
from the insect over those from a metal plate of a temperature 
of about 25° C. forming the background. These heat radia- 
tions come jointly from the luminous spot (area 3 to 4°% ™™) 
and about 9% ™" of the surrounding body. To determine their 
characters we interposed a sheet of glass* which cut off all the 
observed heat. The heat from the luminous spectrum and 
from a spectral region below it extending to about 3” (30,000 
tenth meters) was known to be capable of passing through this 
glass. The evidence then is that there is no heat in the spec- 
trum below this feeble radiation from the luminous thoracic 
region, sufficient to be capable of affecting the apparatus, 
though this was so sensitive as to promptly respond to the 
feeble body radiation from the somewhat larger section of the 
luminous and non-luminous surface. 


Continuation on Abdominal Heat. 


The insects’s light then is unaccompanied (in the specimen 
subject to this experiment) by any measurable heat, but to 
make it still more evident that this is due to the absence of 
heat below the red (body heat not being in question) we now 
proceed to take an artificial flame, occupying the same area as 
the radiating luminous part of the insect, and to see whether 
heat is observed in it. If the flame be no brighter than the 
insect, and the heat be nevertheless observed in it when in the 
insect heat is lacking, it is obvious that in the latter case none 
is observed because (sensibly) none is emitted, and this con- 
clusion is reached a fortiori when the flame light is less than 
that of the insect. 

July 27. Through a circular aperture 2‘5"™ in diameter, there 
was passed alternately the total radiant heat, and that trans- 
mitted by glass from a nearly non-luminous Bunsen flame, 
whose luminosity was very much fainter than that from the 
insects. On this day there seemed to be an exceedingly minute 


* Described in the Memoir “On the Temperature of the Surface of the Moon,” 
Mem. Nat. Acad. of Sciences, vol. ii, as ‘* B.” 
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deflection averaging + of one division of the galvanometer scale 
from the total radiation of an equal portion of the abdominal 
light spot of the insect, while from the flame there was a mean 
deflection of 177°5 divisions, showing that the total heat radia- 
tion from an equal area of a less luminous flame was many 
hundred times that from the luminous area of the insect. 

Glass being interposed, the heat due to this flame radiation 
fell to 14°5 divisions, or about 8 per cent of the original radia- 
tion, showing that of the quality of Bunsen flame heat immedi- 
ately in question (that above 3” transmissible by glass), there 
was still something like 60 times that of the combined body 
and luminous radiation of the insect in the far less luminous 
flame. Subsequently by the use of a lens giving greater con- 
centration, measurable indications of insect radiation above 3“ 
and therefore distinct from any possible body heat, were ob- 
tained through glass, showing the flame radiation of this quality 
from an equal area of the same intrinsic brilliancy, i. e. evise- 
ble heat and of long wave-length, but shorter than 3” to be 
about 400 times that of the insect. 

These experiments were repeated with different luminous 
flames and with different insects on succeeding days. In some 
of them especially luminous insect specimens were secured 
which with favorable conditions of the galvanometer, gave 
very measurable deflections on the latter. ‘By a similar use of 
the glass to that described, it appeared that flames whose in- 
trinsic brillianey is nearly comparable to that of a point below 
the middle of the candle flame, and whose total brillianey is as 
exactly as possible comparable to that of the insect, give several 
hundred times the heat of the latter, even if we consider only 
that quality of heat which is found above 3“, while if we com- 
pare the total radiations (i. e. those directly observed without 
the use of the glass) the contrast is still stronger. 

It follows that the insect light is accompanied by approxi- 
mately one four-hundredth part of the heat which is ordinarily 
associated with the radiation of flames of the luminous quality 
of those which were the subject of experiment. This value is 
confirmed by other methods which we do not give here. It 
will conduce to a clearer comprehension of this, if we exhibit 
in a series of curves derived from our observations, the spec- 
tral distribution of one unit of energy in the gas flame spec- 
trum (Plate V, fig. 1); of the electric are spectrum (Plate V, 
= 4 2); of the sun (Plate V, fig. 3); and of the insect (Plate 

, fig. 4). In all these the abscissee are the same, the portion 
between 0-4 and 0-7 (violet to red) showing the part of the 
energy utilized in light, while that from 0-7 to 3“ shows the 
part wasted as invisible heat. The energy in each case being 
the same, the areas are the same, except that owing to the 
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relative importance of the light heat curve (fig. 4) only about 
gy of the latter can be shown in the limits of the plate. 

The curves in Plate [V deal with luminous intensity only 
and give no means of drawing those economic conclusions 
which appear to follow from our experiments, and which the 
curves in Plate V supply. These curves (Plate V) all ex- 
hibit the spectrum on the normal scale, from that easily visi- 
ble, lying between 0“*4 in the violet and 0“:7 in the red, then 
to 3” near the limit of the glass transmission. In the case 
of the first three, representing spectra of the gas flame, the 
electric arc, and the sun, nearly all the energy lies above 3“ ; 
in that of the gas-flame a considerable portion lies below 3“ 
(and still more in that of the candle-flame, if that were shown 
where most of the energy would lie below 3” or outside the 
limits of the drawing). The curves, then, we repeat, represent 
equal amounts of energy (which without sensible error we may 
assume to be all exhibited as Aeat) and inclose equal areas. 

The total area represents in each case the expenditure of a 
unit of cost in thermal energy, the area between 0“-4 and 0/°7, 
the proportion of this utilized as /ight, though as we have just 
stated, in the case of fig. 4, the representative of the fire-fly 
spectrum, only a fraction of this can be shown (owing to the 
limits of the drawing.) 

Resuming then what we have said, we repeat that nature 
produces this cheapest light at about one four-hundredth part 
of the cost of the energy which is expended in the candle- 
flame, and at but an insignificant fraction of the cost of the 
electric light or the most economic light which has yet been 
devised ; and that finally there seems to be no reason why we 
are forbidden to hope that we may yet discover a method 
(since such a one certainly exists and is in use on the small 
scale) of obtaining an enormously greater result than we now 
do from our present ordinary means for producing light. 


APPENDIX. 


Determination in Calories of the Heat in the Luminous (Abdom- 
inal) Radiation of Pyrophorus noctilucus. 


The determination is reached by two steps: (1) The calibration 
of the galvanometer, so as to give the value of its division in 
calories; and (2) the inference from the observed deflection in 
divisions of the total of calories radiated. 

1. The bolometer, whose face occupied 0°19 sq. cm. (a), gave a 
deflection of 342 divisions (4), at a distance of 25 cm. (7) from a 
5 em. circular aperture filled by a blackened Leslie cube. Seen 
from the center of this aperture, the bolometer occupied, then 
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PYROPHORUS NOCTILUCUS. 
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PHOTOMETRIC CURVES. 
FOR EQUAL TOTAL AMOUNTS OF LIGHT. 
A—Sun-light. 
B— Fire-fly light. 


ABSCISSAE.—WAVE LENGTHS. 
ORDINATES.—LUMINOUS INTENSITIES. 
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Four Curves of Equal Areas, showing one unit of heat displayed 
successively in heat spectrum of Gas, Electric Arc, Sun and 
Fire-Fly. 


ABSCISSAE. — WAVE LENGTHS. 
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ENERGY CURVE. 
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fraction of the total radiation, except that being placed exactly 
opposite the radiating surface, more than the mean radiation fell 
on it in a proportion which calculation shows to be about 4. 
The fraction of the total radiation which it actually received, 
then was 0°0000645 (c). 

Accordingly the total radiation would have caused a deflection 


: = 5300000 divisions. 


The surface of the cube was at a temperature of 99° Cent. and 
was limited by the diaphragm to an area of 19°6 sq. cm. (d). 
The total radiation from one centimeter then would have caused 


a deflection of ~, =270400 div. The temperature of the bolo- 


meter, which was that of the apartment was 20° C. According 
to Dulong and Petit’s law, the radiation from such a surface at 
99° C. to one at 20° C. would be 1°11 cal. per minute (e), which 
does not greatly differ from our own independent determinations, 


min, 
and for 10°***-=0°167 (f°), (the time of the galvanometer swing), 
cal 


it equals 0°185 (ef). Hence edef = 0185 — 1462000 div. is the 

potentiality of work in 1 calorie, to be expressed in the swing of 
cal, 

the galvanometer needle, and 1 div.=0-000000684. 

2. The galvanometer received the fire-fly radiation through a 
lens which occupied 0°00655 of a hemisphere, and would have 
transmitted this fraction of the total heat, except for its position, 
which caused it to transmit 4 more than the average, which is 
000873 (gy). The measured radiation from this fractional part 


gave 0°84 div. (A) and — 96°2 div. is the deflection which would 
be given by the total abdominal emission, or 
96°2 x 0'000000684=0°0000658. 

Since the luminous surface has an area of about } sq. cm., this 
corresponds to a radiation of 0:00039 per sq. cm. of radiating sur- 
face in the time of the galvanometer-needle’s swing, or to — 

cal. 


=0°0024 per sq. cm. per minute. 
(Taking the water-equivalent of the bulb of an ordinary mer- 


gr. 
curial thermometer 1 cm. in diameter at 0°25 we find 


0°84 x "000000684 = 0°-0000023 


0°25 
showing that if such a thermometer were placed in the position 
occupied by the bolometer its rise during the time of the latter’s 
exposure to the radiation of the insect would be between two and 
three one-millionths of a centigrade degree.) 
AM. Jour. Sct.—Tarp Serres, Vou. XL, No. 236.—Avevst, 1890. 
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Art. XIII.—Contributions to Mineralogy, No. 48; by 
F, A. GENTH. 


1. Tetradymite. 


SEVERAL years ago, tetradymite was found two miles south of 
Bradshaw City, Yavapai County, Arizona. It occurs in erys- 
talline masses, implanted in imperfectly crystallized, slightly 
ferruginous quartz, associated with pyrite. A few imperfect 
bladed crystals are visible suggesting an orthorhombic form, 
combination of the prism and brachypinacoid, with cleavage 
highly perfect brachydiagonal. Mostly in bladed crystalline 
masses, the largest blade in my specimens over 30™ long and 
6™™ broad. Some of the crystals, partly altered into a brown- 
ish white, amorphous substance, probably montanite, with a 
nucleus of tetradymite. After subtracting 15°6 per cent of 
quartz and 1°8 per cent of ferric oxide, the analysis gave: 


33°25 
Bismuth 


This gives nearly: Bi,(S;Feg),, analogous to bismuthinite. 


If the observation of rhombic forms is confirmed, it will place 
tetradymite (with exception perhaps of that from Schubkan), 
in its proper place in the system, in the group with stibnite 
and bismuthinite. The quantity of the altered mineral was 
too small for a fuller examination. 


2, Pyrite. 


The occurrence of arsenate of cobalt with the octahedral 
crystals of pyrite at the French Creek, Chester Co., Pa., Iron 
Mines, suggested the examination of the latter which was 
made in my laboratory by Mr. Aron Hamburger. The most 
perfect and purest crystals, averaging about 2™ in size, gave 
the following composition : 
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The cobalt arsenate which occurs as a very thin coating upon 
pyrite, calcite, byssolite, ete., has not the usual appearance of 
erythrite, it is generally in microscopic crystalline groups of an 
impure rose color. It is very rare and large masses, showing 
it, would not have given 0°1 grm. of pure material. In order 
to ascertain what its molecular composition might be, all por- 
tions of the specimens containing it were scraped off and in the 
resulting material the cobaltous oxide and arsenic pentoxide 
were carefully determined. I obtained: 0-0366 grm. Mg,As,O, 
and 0°0430 grm. CoSO,, equal to: 0°0272 grm. As,O, and 
00208 grm. CoO. This gives the molecular ratios of As,O,: 
CoO=1'18 : 2°8 or 1 : 2°36 instead of 1:3, probably owing to 
the substitution of some other base, perhaps CaO or MgO for 
a portion of the cobaltous oxide. 


3. Quartz, pseudomorphous after Stibnite. 


Mr. Wm. H. Schlemm, of Durango, Mexico, kindly sent me 
some fragments of a mineral from this locality for identifica- 
tion. There were about half a dozen pieces—most of them of 
a yellowish white dull earthy mineral intermixed with erystal- 
line quartz. One of the specimens showed a coating of stibnite 
with a beginning alteration. Others contain the stibnite, with 
the prismatic and brachypinacoid planes, completely altered 


into a yellowish white quartz. A qualitative analysis proved 
the presence of very small quantities of antimonous oxide. 


4, Gold in Turquois from Los Cerillos, New Mexico,* 


In many collections, specimens of gold enclosed in or asso- 
ciated with a bluish green mineral are represented as turquois 
with gold from the celebrated locality Los Cerillos, New 
Mexico. Through the kindness of Messrs. Geo. W. Fiss and 
James W. Beath of this city, I received specimens for exami- 
nation. They proved that neither contained any turquois. 
Both are said to come from Arizona. 

a. The specimens from Mr. Fiss consisted of a compact, 
slightly greenish sky-blue mineral. H.=2; sp. gr.=2°487. 
With finely granular grayish white quartz and finely erys- 
talline, deep yellow gold, coating the bluish mineral and 
also disseminated through the quartz. The analysis of the blue 
mineral is given below (a), and, for comparison the analysis of 
a variety of turquois from Los Cerillos, almost identical in 
appearance with the former (0.) 

* At my request, the distinguished archeologist Dr. Ad. F. Bandelier, under 
date, Santa Fe, New Mexico, April 15th, 1890, informs me that he never had seen 


any gold, associated with turquois, from Los Cerillos, and that he had never heard of 
anyone who had found gold together with turquois. 
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b 


a 
Loss by ignition............- 14°30 19°93 
1°42 


! From this analysis it will be evident that the gold-bearing 
| mineral is not turquois, but a chromiferous clay. 

b. Entirely different is the auriferous mineral received from 
| Mr. James W. Beath. It consists of brown ferruginous quartz, 
( apparently free from gold with a vein from 5 to 12™™ in width 
of a greenish blue quartz with crystalline, deep yellow gold 
disseminated. The analysis of the greenish blue mineral gave: 


Loss by ignition........-- 4°44 


or a quartz with an admixture of about 19 per cent of chryso- 
colla. 


5. Zircon. 


With the masses of monazite at Mars Hill, Madison Co., 
N. C., is rarely associated zircon in crystals of considerable 
i size. One, which I picked out from a lot of monazite, fur- 
H nished the material for the following analysis. It was 40"™ 
long, 23™ broad, rough and irregular, showed only the prism 
and several pyramidal planes. Spec. gr.=4°507. The analysis 
gave: 


6. Scapolite. 


At the Elizabeth Mine, French Creek, Chester Co., Pa., at a 
depth of 400 feet small crystals of scapolite have been ob- 
served, as a rarity ;—it appears to have resulted simultaneously 
with another variety of garnet from the alteration of essonite. 
They are filling cavities of a brownish gray and ash-gray 
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garnet, associated with magnetite, pyrite and remnants of the 
essonite. The crystals are columnar, the best are the smallest 
and show combinations of the 1st and 2d prism with the basal 
pinacoid ; no pyramidal planes could be observed. The larger 
erystals are deeply striated, by which all planes are obliterated. 
Their size varies from 2™” in length and 0-25™™ in thickness to 
20™" in length and 5™” in thickness; frequently in groups. 
Colorless to white and grayish white. Spec. grav.=2-°675. 
The analyses gave : 
a b 
Loss by ignition 1°50 1°51 
Co, 2°63 not det’d 
i 52°30 52°26 
23°68 24°15 
0°58 0°43 
0°05 0°16 
12°36 11°76 
6°29 not det’d 
0°77 


100°06 


7. Garnet. 


This garnet which results from the alteration of essonite 
shows occasionally dodecahedral and trapezohedral planes which 


are sometimes coated with a thin shell (not over 0°5™" in thick- 
ness) of the original mineral of a bright cinnamon-brown 
color. The purest has a brownish gray or ash-gray color and a 
spec. gr. of 3°390. The analysis gave: 
b 
by ignition...-.... not det’d 

iO. 41°69 

18°37 

10°27 

0°93 

0°52 

26°10 


8. Titaniferous Garnet. 


The late Thos. S. Ash brought from the Jones Mine on 
Green River, Henderson Co., N.C., a variety of garnet which 
I have analyzed. 

It is massive, of a splintery uneven fracture, has only slight 
indications of dodecahedral planes, brown color, spec. grav. 
=3'738. The analysis gave: 
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SiO 


9. Allanite. 


In the hope to find among the minerals which were asso- 
ciated with the corundum and the pseudomorphs of spinel 
(pleonaste) after corundum, which I described in 1873 in the 
Proc. Am. Philos. Soc., xiii, pp. 361-406 the rare tscheffkinite, 
I examined two varieties which I had in my collection as 
allanite ? 

a. The first variety has a velvet-black color, shows a slight 
transparency with a greenish-black color and a vitreous luster. 
Sp. gr.=3°546. 

It is a pebble coated with white silica, resulting from partial 
alteration. The analyzed portion was of perfectly pure ma- 
terial (a). 

b. The second variety is of a deep brownish black color, 
thin splinters with brownish black transparency, vitreous 
luster. Sp. gr.= 3-491. Two small pebbles, the surface 
slightly oxidized into a brown earthy coating. The material 
for the analysis was quite fresh and apparently pure (A). 


a b 


0°12 
12°91 
10°24 

14:02 
4°42 
2°52 0°37 
2-08 147 


100°16 


10. Lettsomite from Arizona and Utah. 


Messrs. Geo. L. English & Co. brought this rare mineral 
from two new localities, but only one specimen has been ob- 


| 0°55 
35°56 
99°58 
ThO,......... 0°33 
| 
10007 
| 
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tained at each, the Copper Mountain Mine near Morenci, 
Graham County, Arizona, and at Copperopolis, formerly the 
American Eagle Mine, Tintie District, Utah. They very 
kindly placed all their material at my disposal which enabled 
me to make a fuller investigation and clear away the doubts 
existing as to the constitution of this mineral. 

1. The Arizona mineral forms narrow seams in a siliceous 
gangue, coated with earthy varieties of limonite. The lettso- 
mite occurs in incrustations up to a thickness of about 2™. 
In small cavities it shows thin fibers and small tufts often with 
a radiated structure. Its color is from a deep sky-blue to 
azure-blue; luster silky. Sp. grav. taken in alcohol 2°737. 

Some of the lettsomite has undergone an alteration, begin- 
ning with a change into greenish yellow, and finally, by the loss 
of the cupric oxide, into a fibrous yellowish white mineral. 
At portions where the alteration has taken place the matrix is 
frequently coated with a cryptocrystalline, mammillary hydrous 
aluminum sulphate. Neither could be obtained in a quantity 
sufficient for a fuller investigation. 

The analyses were made with almost pure azure-blue tufts 
(a) and nearly pure sky-blue radiating particles (b and c). 


a b e Mean. Mol. Ratio. 
0°46 0°38 0°48 0°44 
not det’d t 


21:89 21°89 
3447) 
47-40 46°34. 46°39 46°71 
1571 1694 1677 16°47 

080 164 1°34 


99°74 99°76 99°34 


Considering the slight loss of cupric oxide by beginning 
alteration, the ratio for SO,: CuO: Al,O,: H,O is 1:4:1:8= 
Cu,Al,(OH),,. SO,+2H,O, which gives the following percent- 
age composition : 


15°88 
12°56 
49°23 
22°43 


100-00 


2. The lettsomite from the American Eagle Mine occurs 
upon a bluish green mineral, which appears to be amorphous, 
clay-like, and evidently a mixture of clay and lettsomite. The 
pure lettsomite forms a velvet-like coating of azure-blue silky 
fibers. The specimen being very small, only 0°055 grms. 
could be obtained for analysis, which gave: ° 


Insoluble 
3 
0590 38 4 
O161) 1.6 
642 
| 


12°60 
49°54 
15°45 

0°91 


H,O(by diff) 21°40 


100°00 


closely agreeing with the above composition. 
Chemical Laboratory, No. 111 S. 10th St., Philadelphia, April 6th, 1890. 


Art. XIV.—A Curious Occurrence of Vivianite ; by 
Wm. L. DupDLEY. 


WHILE making the preliminary survey of the Cumberland 
river from Nashville to its mouth for the purpose of locating 
the locks and dams which are to be constructed by the Gov- 
ernment, Assistant Engineer ©. A. Locke discovered some 
“blue roots” embedded in a stratum of clay which had been 
exposed in the bank made by the erosion of the waters in 
cutting out the channel of the river. The locality was about 
two miles above Eddyville, Ky. The stage of the river was 
about six feet above low water mark, and the stratum contain- 
ing the roots was about two feet above the surface of the water 
or eight feet above low water. The stratum is exposed there- 
fore only for a limited season each year. 

Maj. Locke gives the general characters and thicknesses of 
the strata exposed in the cut, as follows: Soil, 2 feet ; light 
yellow clay, 15 feet; light drab clay, 15 feet, at the bottom of 
which the blue roots were found; below this an unknown 
depth of gravel. 

he “blue roots” were found in such position as to indicate 
that they were in the place of their growth. The clay is 
described as having a blue color when wet, and I regret that a 
specimen of it was not collected for examination. 

Four of these “roots,” more or less perfectly preserved, 
were handed to me. They were from one-half to two centi- 
meters thick and six to twelve long. The blue mineral which 
has almost wholly replaced the woody fiber of the roots is of a 
deep blue color resembling cobalt-blue but somewhat darker, 
and of a duller hue. It is earthy and very friable. There is 
no evidence of structure, and the specimens seem to be casts of 
the original roots, formed gradually as decay proceeded. 

Some of the remaining particles of the wood were given a 
microscopic examination by Professor Jas. M. Safford, who 
pronounced it coniferous. 
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For analysis some of the mineral was pulverized and sus- 
pended in water. The small particles of woody substance 
floating were removed. Heavy brownish mineral matter in 
small quantity rapidly settled to the bottom, and the water 
os the blue substance in suspension was carefully 
poured off and allowed to settle during twelve hours. This 
operation was repeated and the mineral was in a very fair state 
of purity. It was then dried in the air at the temperature of 
the laboratory, and finally for twelve hours over sulphuric 
acid. Analysis gave the following result: 


Water given off at 100°C 10°59 per cent. 


Phosphoric anhydride (P,O,) 
Insoluble matter 


When the water was driven off at 100°, the residue had a 
dull green color resembling chromic oxide. After heating to 
230° until all of the water was eliminated the color was light 
brown. In a desiccator, over sulphuric acid, the mineral 
gradually lost water and for several days became green. This 
occurred more rapidly of course if the air in the desiccator was 
exhausted. 

If in the above analysis, the lime, magnesia and insoluble 
matter be eliminated and the percentages of the remainder 
be calculated to 100, it is found that the mineral may be 
very nearly represented by the formula 2(3Fe0+P,0,)+Fe,0,, 
3Al,0,, (P,O,), +17H,O, or 2Fe,P,0, + Al,Fe,P,O,, + 17H,O. 
This seems to indicate that the ferrous iron in the mineral is 
combined with the P,O, to form vivianite, Fe,P,O,+8H,O, 
and Professor F. W. Clarke arrived at the same conclusion 
upon examining some specimens which I sent to the National 

useum. 

If the double molecule of vivianite, 2(Fe,P,O,+8H,O), be sub- 
tracted from the above formula, there remains Al,Fe,P,O,,+H,O, 
which resembles an almost dehydrated double molecule of tur- 
quois, Al,P,O,,+10H,O, in which one molecule of Fe,O, has 
replaced one of Al,O,. The mineral was so earthy and friable 
that sections could not be cut, and therefore microscopic evi- 
dence is impossible. 


Chemical Laboratory of Vanderbilt University, Nashville, Tenn., 
March 21, 1890. 
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Art. XV.—Classification of the Glacial Sediments of 
Maine; by GEorGE H. 


THIS paper assumes the now quite generally accepted theory 
of Torell and Holst as to sub- and infra-glacial matter, i. e., 
that the till of New England consists in part of a ground 
moraine and partly of matter that was distributed through the 
lower portion of the ice-sheet. 

Preliminary.—it is evident that every glacier is to a con- 
siderable extent bathed in its own waters and is drained by a 
system of glacial streams. The escaping waters continually 
carry away their load of detritus. The largest ice-sheet must 
have its system of drainage as inevitably as an ordinary Alpine 
glacier that is confined to a single drainage basin. The hypo- 
thesis that a given region was covered with land ice must 
carry the burden of proving that there was, over the region in 
question, a system of glacial drainage. The presence of such 
a system furnishes a crucial test between the theories of land 
ice, and icebergs or other forms of floating ice. 

Reasoning from the analogies of the Alpine glaciers com- 
pared with what is known of the Greenland ice-sheet, I infer 
that near the front or lower extremity of every glacier (margin 
of a body of confluent glaciers or ice-sheet), there is a belt 
where the ice is so shattered by crevasses that the melting 
waters almost immediately escape to the ground. This part of 
the glacier is almost wholly drained by sub-glacial streams. 
Back of this zone is another where the drainage is chiefly 
effected by means of streams which flow in well defined chan- 
nels on the surface of the ice, but at the last reach a crevasse 
down which they fall and escape by sub-glacial tunnels. Still 
farther back is a region which answers to the snow fields of 
central Greenland. Here the melting waters of summer are 
diffused through the unconsolidated snow of the preceding 
winter and slowly seep through the soft slush, but have not a 
motion sufficiently rapid to cause them to gather into streams 
and erode well-defined channels. The three regions just 
described pass one into the other by degrees. The breadth of 
these respective belts I infer to be determined chiefly by the 
rate of change in temperature as we go from the end of the 
glacier backward. The slower the rate of change in tempera- 
ture the broader will be these belts. The gentle slopes over a 
large part of New England would tend to a slow rate of 
change in temperature, while the fact that these slopes were 
southward would cause a more rapid change, since it would 
introduce the effect of latitude on temperature. On the whole 
I estimate that these zones were pretty broad in New Eng- 
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land, say from 75 to 100 miles for each of the two outer zones, 
while northern Maine was occupied by a snow field or only 
partially consolidated ice. During the tinal melting of the ice 
these zones of sub-glacial and superficial streams would natu- 
rally advance northward, and in course of time would cover 
most or all of the névé area.* 

In classifying the glacial deposits a fundamental question is 
this: What is the difference between the till and the glacial 
sediments 

1. The test of stratification. One test proposed is that 
amorphous or pell-mell drift is till while the stratified drift is 
water drift, i.e., the sediments of glacial waters. This test is 
a true one as a rule but not always. Thus there is a quasi 
stratitication of the clayey till of the lenticular hills, and on 
the other hand masses of gravel, of which the stones are well 
rounded and polished by water, have often by sliding lost their 
stratification so that now they show no sign of intermittent 
sedimentation. 

2. The test of composition. Unwashed moraine stuff of an 
ice-sheet, whether sub- or infra-glacial, should contain frag- 
ments of all sizes permissible by the nature of the rocks. 
Practically it is not safe to affirm of any till that it is abso- 
lutely unwashed, though a till composed chiefly of clay cannot 
have lost any large proportion of its finest matter. No ob- 
server can fail to notice that the terminal moraines of either 
the great ice-sheet or those of the local White Mountain gla- 
ciers contain much less of fine detritus than the till of central 
and northern Maine. Evidently there was very little moraine- 
stuff near the extremity of the ice sheet which was not more 
or less water-washed. The moraines of the local Androscoggin 
glacier contain much less fine material than the till of the 


*The above stated hypotheses are consistent with the opinion of Mr. R. Chal- 
mers of the Geological Survey of Canada that from the highlands south of the 
St. Lawrence River in Quebec the ice flowed north and eastward. This hypo- 
thesis would make the valley of the St. John River in Maine the area of accumu- 
iation from whence glaciers radiated north, east and south. In a paper on 
Glacial Erosion in Maine (published in the Proceedings of the Portland Society of 
Natural History in 1882), I dwelt at some length on the fact that the glaciation 
of Maine is less intense in the northern part of the State. This indicates névé- 
like conditions prevailing over northern Maine fora large part of the glacial 
period. This conclusion would be consistent with the hypothesis that the radiat- 
ing flow discovered by Mr. Chalmers continued throughout the whole of the 
glacial age, or with the hypothesis that it was only a feature of the last days of 
the ice-sheet. For even if we suppose with Prof. Dana that the highlands near 
Hudson’s Bay were the radiating area during the time of maximum glaciation, it 
is as yet permissible to suppose that in late glacial time the rising Champlain sea 
melted its way up the valley of the St. Lawrence, thus isolating the portion of the 
ice-sheet lying south of that valley. If so, the ice would for a time flow north- 
ward from the water-shed of the St. John and from the Notre Dame hills. In 
other words, late in the ice age northern Maine and the adjacent territory would 
for a time be the area of accumulation from whence the ice-flow radiated, no 
matter what may have been the earlier history of the region. 
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adjacent country. The fact, then, that the finest matter has 
been washed out of a mass of glacial-drift does not necessarily 
prove that it is not true moraine-stuff. In Maine, the till 
being largely derived from slates, limestones and feldspathic 
rocks naturally contains a large proportion of clay. A sandy 
till is here almost always a water-washed till, and it is gen- 
erally easy, by a comparison of a suspected deposit with the 
till of the neighborhood, to determine whether the deposit has 
been modified by water or not. Such a comparison would not 
be so easy over a large area of quartz sandstone. It is there- 
fore difficult to always apply the test of composition to distin- 
guish till from glacial sediments. 

3. The test of transportation. According to this test, all 
matter breught to its final position by ice movements would 
be termed till, while that which was brought to its final 
position by the water of glaciers would receive the name 
glacial sediments. This test at once distinguishes from the till 
all the sedimentary clays containing drift boulders and some- 
times fossils which have been named boulder clays, and which 
have often been confounded with the true morainal till,—to 
the great detriment of glacial science. 

The first and second of the above mentioned tests leave thie 
kames and osars in the same class with terminal moraines. 
On the whole, the test of transportation is the best single test 
whereby to distinguish the till from the glacial sediments. 
Besides the three tests named, there are several others which 
are often of great importance. In the field the method of 
transportation of a given mass of drift has to be determined 
by its structure, its composition, the shape of the individual 
drift fragments and their markings, the shape of the mass, ete. 

The sediments transported by the waters of the ice-sheet 
were deposited in various situations. 

1. In channels bordered on both sides by ice, partly in sub- 
glacial tunnels, partly in channels open on the top to the 
air. Such channels varied in breadth from a few feet up to a 
mile or more. They were often locally enlarged so as to form 
pools or lakes. Sediments dropped in them now form two-sided 
ridges or plains. 

2. In channels bordered on one side by ice, on the other by 
the land. The sediments left in such a channel now form a 
terrace along a hill-side. 

3. In channels bordered for most of their length by ice, 
but in some parts of their courses extending across a whole 
valley. The rivers that flowed in such channels were so far 
confined by ice walls that we must term them glacial rivers, 
yet for a few wiles in the midst of their courses, they were 
bordered by land on both sides like ordinary rivers. 
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4. In front of the ice, (@) in the sea, (6) in lakes on the 
land, formed where the land sloped toward the ice, (c) on a 
land surface sloping away from the ice. 

Sediments deposited in all these situations are to be found 
in Maine.* 

The names below given to the different kinds of glacial sed- 
iments are provisional. The deposits are classified according 
to their size, their shape, and their structure, their relations to 
other forms of glacial sediments, the conditions of their de- 
position, ete. Two-sided ridges not longer than about two 
miles are termed kames, longer ridges are termed osars. Erosion 
ridges, i. e., portions of a plain of sediment which have been 
left as ridges in consequence of the erosion of the adjacent 
parts of the plain, are never by me termed either kames or 
osar. The latter terms are here applied only to sediments 
originally deposited as ridges.t+ 


CLASSIFICATION. 


1. Lsolated kames.—These are found in all parts of Maine, 
unless in the extreme north, which region I have not explored. 
In the south-western part of the drainage basin of the Saint 
John they are the only form of glacial sediment yet found by 
me or reported by others. They are so distant from other 
glacial sediments that they are termed isolated, thereby mean- 
ing that so far as known they are the only sediment deposited 
by the glacial stream which formed them. They may consist 
of a single ridge or of a plexus of ridges enclosing kettle- 
holes. They plainly consist of residual matter, i. e., of till 
fragments from which the finer detritus has been removed by 
flowing water. The stones are more or less water-worn, often 
very much rounded. What has become of the finer matter of 
the till? It has disappeared from the place of the kame, 
which ends in sand or gravel, and there is no auxiliary clay 
plain to show where the finer matter that was carried away by 
the glacial stream has been deposited. When kames proper 
are found above the contour of about 230 feet, they usually 
end on the north, east and west in areas of unmoditied till, and 
sometimes also on the south. When not surrounded by a till- 
covered country, they are found in the midst of the alluvium 
of valleys, but there is no traceable connection between the 
two forms of sediment. The valley drift in these cases is a 
later deposit than the kame. 

* Space permits only the presentation of a portion of the outlines of the sub- 


ject. The details have been embodied in a report written for the U. S. Geolog- 
ical Survey, completed June, 1888. 

+ It is here assumed to be not a matter of much importance whether we form 
the plural after the Swedish forms Ose—Osar, or regard the words to be thor- 
oughly anglicized and term them Osar—Osars. 
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These kames are heaps or ridges of sand, gravel and coarser 
matter piled above the surrounding level, usually in places 
where no ordinary surface stream can have deposited them. 
They are just such deposits as would be formed in channels 
between ice walls by waters which retained sufficient velocity 
to carry off the clay and finer sand. The hypothesis of land 
ice fully accounts for the confinement of streams by barriers 
which now have disappeared. No other adequate physical 
agent than land ice has been suggested. 

I have thus far not been able to find ravines of erosion in 
the till to the north of these kames, hence there is no direct 
evidence that a sub-glacial stream flowed from the north to 
form the ridge. A better interpretation is that the gravel was 
deposited in the enlarged sub-glacial channel or pool that 
formed at the foot of the cascade where a superficial stream 
fell down a crevasse. They can also be accounted for as 
having been deposited in deep pools in the bed of a superficial 
stream. It is not necessary to assume that all the kames were 
formed in the same manner. 

The isolated kames vary in size, and many of them are only 
a few feet wide and high. They appear to have been 
deposited by small glacial streams that drained only a limited 
area. In most cases they were probably formed during the 
last days of the ice. 

2. The hill-side kames.—An interesting class of isolated 
kames. They are found on the south slopes of rather high 
hills and at the bottom of the hills they often expand into a 
plexus of reticulated ridges, and sometimes into a small delta- 
plain. In this plain we find a gradual transition from coarser 
to finer sediment as we go southward. This proves that the 
glacial stream flowed into a body of still water and lost its 
motion. Such a deposit is in this paper named a delta. Some- 
times this delta seems to pass by degrees into the valley drift, 
which proves that the glacial stream flowed out from the front 
of the ice into a valley over which the ice had already melted. 
Such is by me termed a frontal delta, or plain, being formed 
in front of the ice. 

The hill-side kames are found above the contour 230 feet, 
in the hilly country lying from 50 to 125 miles from the coast. 
They are quite common in the region specified, especially in 
the hill country of western Maine, situated south of the An- 
droscoggin river. They vary in length from a few feet up to 
a mile or two. In several cases ravines of erosion are found 
in the till to the north of the kames. Even these small kame- 
streams eroded the till to a depth or twenty or thirty feet and 
to a breadth of 100 or even 200 feet. The eroded matter was 
swept down the hill and helped form a plexus of reticulated 
ridges or a delta near the base of the hill In some cases 
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where the hill-side kames are large, a deep sheet of till lies to 
the north of the ridges, and there is not a sign of an erosion 
ravine. We thus see that the details of the formation of these 
kames vary greatly. The slopes of the hills on which they 
are situated are pretty steep—usually 100 feet or more per 
mile. None of this kind of kames have been found on north 
slopes. 

n Maine almost every winter there are small ridges of earth 
formed on hillsides within the channels in the snow and ice, 
produced by the melting water cutting down through the snow 
into the soil. These small ridges are in several respects types 
of the hill-side kames. The latter are found in places where 
no ordinary stream can have existed, even in time of the 
greatest floods. The glacial origin of the hill-side kames is 
thus made certain. Most of them were probably deposited in 
sub-glacial channels in very late glacia! time. 

8. Kames ending in marine deltas —A good example is 
found in Amherst. Two short hillside kames converge 
together at the base of the hill and expand into a plain of 
gravel which becomes finer and more nearly horizontally strat- 
ified as we go south and southeast. Within about one-fourth 
of a mile the gravel passes into sand and this into clay. This 
clay is continuous with clay containing marine fossils within a 
mile or two of the plain. The horizontal transition of gravel 
into sand and finally into the marine clay leads to the infer- 
ence that the glacial streams here poured into the sea and as 
the waters were slowly checked they dropped their burden of 
sediment classified horizontally according to the relative veloc- 
ities of the currents. There are many other small marine deltas 
in the State connected at their northern ends with either 
single kame ridges or with a plexus of reticulated ridges. 
The structure of the marine deltas will be referred to again.* 


* The hypothesis that the reticulated kames were deposited in the sea was first 
published by Prof. N.S. Shaler in 1885, That the great sand and gravel plains 
of York and Cumberland Counties were in large part composed of matter depos- 
ited by glacial rivers in the sea was determined by the writer independently . 
during June, July and August, 1885, while in the employ of the U. S. Geological 
Survey, and the conclusion was set forth in administrative reports of that time. 
That ridges of gravel are formed at the sides of swift streams entering stiller 
water was discovered by me at the dam of the Penobscot river, at the foot of the 
South Twin Lake in 1879, and was at once utilized in explanation of certain 
ridges extending back from the alluvial plain of the Androscoggin River, in a 
note on the Androscoggin glacier in the American Naturalist. But I did not 
then discover the application of the principle to the case of the marine deltas of 
glacial sediment. I have since discovered a fine example of gravel ridges enclos- 
ing a kettle-hole below the dam of the Mattawamkeag River, at Kingman. No 
one who examines these reticulated ridges below the Kingman dam can have a 
doubt that the swift sediment-laden glacial rivers entering the sea or a lake, or 
even a pool-like enlargement of a riyer channel, could form ridges enclosing ket- 
tle-holes. In this case the kettle-holes represent unfilled space around which tke 
ridges were deposited. In other words it is not necegsary in the case of the 
plexus of reticulated ridges that formed at the land-ward or ice-ward ends of the 
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4. Kames ending in lacustrine deltas —In hundreds of 
places along the coast of Maine the writer has traced the 
beaches of the sea up toa certain level and there lost them 
altogether. The highest beach that I can find is at an eleva- 
tion of 225 to 230 feet in the Kennebee region and 220 to 228 
in eastern Maine. Beaches can be found at these elevations 
on every hill that would be a projecting headland when the 
sea stood at this level. Only a limited amount of erosion was 

erformed by the sea while it stood above its present level. 
Vo terraces of erosion were made in the solid rock that I have 
been able to recognize. On the most exposed headlands the 
till was eroded and the glacial striz effaced from the bared 
rock, but the roches moutonneés remain. A few miles north- 
east of Machias on the south slope of a high hill a deep sheet 
of till shows a cliff of erosion and a beach at about 225 feet. 
The cliff is now much fallen, but estimating from the size of 
the beach-terrace it could only have been from six to ten feet 
high and the erosion did not in some places reach to the bot- 
tom of the till. This occurred on a slope which would be 
exposed to the full force of the Atlantic at that time. Above 
this beach the hill rises two or three hundred feet and shows 
nothing but ordinary unmodified till. For these and many 
other reasons I assign the highest elevation of the sea on the 
coast of Maine that occurred in late glacial or in post-glacial 
time at about 230 feet above the present sea level. During 
earlier glacial time the sea may for a time have stood at a 
higher elevation 

The deltas deposited in glacial lakes are situated above the 
contour of 230 feet, and most of them are on the north sides 
of hills where during the melting of the ice a lake would be 
confined between the ice on the north and the hills lying to 
the south. These deltas present the same horizontal sorting of 
sediments as the marine deltas, except that they do not pass 
by degrees into fossiliferous marine clay like those found 
below 230 feet. 

5. Massive hame-plains.—These are somewhat rounded or 
sometimes rather level on their tops. They contain no kettle- 
holes proper though the surface may be rolling or uneven. 
They show only an imperfect and irregular assortment of sedi- 
ments from coarse on one side to fine on the other. They end 


marine deltas, to postulate masses of ice that occupied the places now repre- 
sented by kettle-holes. 

In my paper on the kames of Maine. read before the Boston Society of Natural 
History in 1880 I recognized that the plains here termed marine deltas of glacial 
sediment were marine deposits, but I supposed they were composed of kames 
re-classified by the sea. This was based on an exaggerated estimate of the ero- 
sive action of the sea. As soon as I had proved that the sea waves of the epoch 
wrought but a very limited amount of erosion it became evident that the plains 
in question had been deposited in their present state in the sea. 
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abruptly in gravel or sand, and the marine elay which usually 
overlies them is plainly a later deposit, not contemporaneous. 
They are mostly found below 230 feet. They vary much in 
size up to half a mile in breadth and two or three miles in 
length. The coarseness of the sediment proves that the waters 
of the glacial rivers were never so far stopped as to permit 
them to drop the finer detritus, as would have happened if a 
glacial stream poured into an open body of water of the size of 
the whole plain. The best interpretation of the facts is that a 
glacial stream poured into a pool or lake within the ice. This 
lake was not large enough to stop the stream sutticiently to 
cause it to deposit its clay but did check the current somewhat 
so as to make it drop the coarser sediment. Thus it happened 
that the central part of the pool was filled with sand and 
gravel while at the same time the pool enlarged by melting 
and erosion of the adjacent ice. ‘l'lus after a time the real 
pool consisted of a narrow strip of water situated between the 
central bar of gravel and the surrounding ice. In this narrow 
passage the velocity of the water was not sufficiently lost to 
permit the deposition of the finer sand and the clay, nor were 
any large kettle-holes made. The stratification of such portions 
of these broad plains as I have been able to examine is irregu- 
larly quaquaversal. 

In the northeastern part of Monmouth are three deposits 
each consisting of two elongated-semicircular plains of coarse 
sediment separated by a central ravine. The plains are situ- 
ated on hills where no stream can have existed to aceount for 
the ravines by ordinary stream erosion. My interpretation is 
that a swift glacial river flowed into one side of a lake con- 
tained within ice walls and out at the other side without losing 
much of its velocity. The ravines mark the channel of the 
glacial river, while the lateral gravel plains collected in the 
still water on each side of the swift current. These plains are 
one-fourth of a mile in diameter, one of them somewhat more. 

We thus find several transition forms between the kame 
proper and the complete delta, i.e., the plain that was formed 
in a body of water sufticiently large, as compared with the size 
of the glacial river, to completely check the flow of the incom- 
ing water. Some of these intermediate forms perhaps deserve 
recognition in our classification. 

6. The discontinuous kame systems. — These consist of 
deposits of glacial sediments, arranged in linear series, and sep- 
arated by intervals varving in length from a few feet up to 
two or three miles. When mapped, the linear arrangement is 
very obvious. The gravel takes the form of domes, cones and 
short ridges, often of considerable breadth so as to be plain- 
like. These massive ridges or plains are found here and there 
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in the midst of the series, and most of the systems contain in 
their courses one or more marine deltas. When there are 
more than one delta they are separated by intervals of several 
miles. 

It should be carefully noted that these gravel deposits are 
separated by reaches of undisturbed till and marine clay. 
This proves that these deposits were not once continuous and 
they have not become discontinuous by recent erosion of the 
intervening parts. In short, for some reason a glacial stream 
here deposited its sediments at intervals, not continuously. 

Systematic non-continuity is a feature of the glacial gravels 
of the coast region of Maine, and is found in only three cases 
above 230 feet. 

All of the longer gravel systems, including the great osars 
and osar-plains, become discontinuous as we approach the ocean. 

The general law is that as we go south from the contour of 
230 feet the glacial gravels become more and more discontinu- 
ous, i. e., the intervals become longer, the gravel deposits 
become shorter and smaller. Almost all the systems end north 
of the present shore, and but a few feet above sea-level. In 
Belfast and Penobscot bays several gravel systems enter the 
sea, but these bays extend considerably north of the general 
line of the coast. The above remarks apply only to the coun- 
try east of Portland. I have only partially explored the coast 
south of Cape Elizabeth. 

The elongated cone and the dome are the prevailing shapes 
of the smaller masses of glacial gravel in the coast region. So 
characteristic is the shape that they may well be termed lentic- 
ular kames. Their stratification is often somewhat quaquaversal. 

Since for many reasons (more fully set forth in my report), 
a line of these separated kames is considered as having been 
formed by a single glacial river, they are classified as a single 
system, hence a discontinuous system. 

The cause of systematic non-continuous sedimentation furn- 
ishes one of the most obscure problems connected with the 
glacial sediments. The subject is discussed at length in my 
report. 

The maximum development of glacial sediments is found 
near the contour of 230 feet, and the amount diminishes in 
opposite directions from this line. This fact leads to several 
interesting inferences, but lack of space prevents further dis- 
cussion of the subject at present. I will close by remarking 
that it will yet be possible by a study of the terminal moraines, 
the glacial marine deltas, ete., to map pretty accurately the 
general outline of the ice-front as the ice retreated northward 
before the sea. 

7. The Osars.—These are the longer two-sided ridges. Several 
of them are more than 100 miles in length. Near the north 
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ends of the longer systems, the ridges have an uneven surface 
and steep lateral slopes like some moraines. The material is 
barely water-worn. It is till with the finest detritus washed 
out of it, and the stones have been left, but little changed from 
their till shapes. As we go southward the stones become very 
much worn and rounded. The facts are only to be accounted 
for as due to glacial rivers flowing southward in narrow chan- 
nels bordered by ice walls. Rising out of the rather level 
regions of central and eastern Maine to a height of 20 to 150 
feet above the adjacent land, these long embankments form a 
remarkable geological construction. They freely pass over 
hills of moderate height from one drainage basin to another 
and they cross rivers and lakes. The ridges are seldom con- 
tinuous for more than ten miles, because they are usually in- 
terrupted near the tops of hills crossed by the systems, also on 
down or southward slopes of thirty or more feet per mile. 
Here there appear to be topographical causes for such swift 
currents as would sweep the ice-channels clear of sediment. 
At the contour of 230 feet or not far south of it, they become 
regularly non-continuous, even when traversing quite level 
plains where there is no apparent topographical reason for the 
interruption. At first the unconnected ridges are a mile or 
two long and the gaps between them are short. By degrees 
the system passes into a series of lenticular kames separated 
by intervals many times as long as the kames themselves (up 
toa mile or more). This gradual passage of a nearly continu- 
ous ridge into a series of far-separated heaps furnishes part of 
the argument for regarding a non-continuous kame system, so- 
called, as having been deposited by a single glacial river, but a 
short one. If it had extended north farther into the interior, 
a continuous ridge would probably have been formed in the 
northern portion of its channel. 

Most of the osars expand into one or more marine deltas. 
When there are more than one, they are situated ten to 
twenty-five miles apart, and the largest one is in most cases, 
the one farthest north and nearest the contour of 230 feet. 
Some of them contain ten or even twenty square miles. 


Marine deltas of glacial sediments are of at least two well 
defined classes. 

1. Fan-shaped Deltas.—In this class, as we pass from the 
area where the reticulated ridges are highest and enclose the 
deepest kettle-holes, we find the coarser sediments becoming 
finer in all directions both in front and laterally. Here evi- 
dently one or more glacial rivers flowed into the open sea, 
where they were free to spread outward through a semicircle. 
Going outward we find the gravels becoming sands and the 
sands become finer and at last pass into the marine clays. 
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At the same time the lateral slopes of the reticulated ridges 
become less steep, the kettle-holes shallower, the ridges broader, 
and thus the plexus of ridges is merged in a rolling plain 
which becomes more and more even until it is a level plain of 
nearly horizontally stratified sand and at last clay. The posi- 
tion of the mouth of the glacial river is shown by the kame or 
osar extending north from the delta. 

2. a Marine Deltas.—In shape this kind of delta is a 
long plain a half mile or less in breadth, and expanding but 
little in breadth toward the south. There is a gradual transi- 
tion from coarser to finer matter as we go southward and at 
last the sand ends on the south in the marine clay. But at the 
sides the northern portion of this plain usually rises abruptly 
several feet above the adjacent ground. The marine clay here 
overlies the sand or gravel plain “which consists of matter much 
coarser in composition than itself, proving that the clay is a 
later deposit than the gravel and ‘sand plain. My interpreta- 
tion of the facts is that these deltas were formed in wide chan- 
nels forming bays by which the sea extended some miles back 
into the ice-sheet. At the time of deposition the delta was 
bordered by ice on each side, while the open sea lay in front. 
As the channel or bay broadened by the melting of the ice, 
the parts adjacent became covered by clay, derived from the 
glacial stream which now was checked in the recently widened 
channel at a point farther north than previously. 

The transition of the delta sands into the marine fossiliferous 
clays proves that the latter were chiefly composed of the mud 
poured into the sea by the glacial streams. I have not been 
able to find fossils in the clays very near the marine deltas and 
apparently the inflow of cold, muddy, fresh water exterminated 
marine life near the mouths of the glacial rivers. The small 
amount of erosion accomplished by “the waves of the sea is 
elsewhere noted. Eroded till can have furnished but a small 
proportion of the great sheets of silt and clay, which cover a 
large part of Maine up to 230 feet. Logically the marine clays 
ought almost wholly to be classed among the glacial sediments. 
But. the clay portions of the marine deltas of neighboring 
glacial rivers often coalesce, so too the delta-clays are mixed 
with.some clay derived from till eroded by the waves. Hence 
it is difficult to map the delta-clays, and for the present I con- 
fine the term marine deltas to the coarser sediments (gravels and 
sands) spread over the sea bottom by the glacial streams. Yet 
it ought distinctly to be admitted that the so-called Champlain 
clays ¢ of Maine are almost wholly a marine off-shore deposit of 
Gletscher-milch, such as must be forming off much of the 
Greenland coast to-day. 

8. The broad Osars or Osar-plains.—All the longer gravel 
systems of Maine take the form, at the northern ends, of the 
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ordinary osars or two-sided ridges. Going south from five to 
twenty-tive miles we find in many cases the ridges having rather 
steep lateral slopes expand into level-topped plains up to a 
half mile in breadth. These plains are usually, but not always, 
finer in composition than the narrow ridges of which they are 
the extension. Measured transversely the tops of these plains 
are horizontal, but measured length-wise, the broad osars are 
found to go up and over hills just like the osars. In numer- 
ous instances the osar-plains have been deeply eroded by 
streams and boiling springs. A common type of erosion is 
where a central ridge has been left uneroded, also a terrace on 
each side of the original plain. Thus two valleys have been 
eut down into the plain, one on each side of the axial ridge. 
This central ridge has the same height as the lateral terraces, 
or sometimes it is higher. The material of the ridge is coarser 
than that of the rest of the plain. A good example of an 
eroded osar-plain is found in the towns of Woodstock, Milton, 
and Rumford, on the line of the great gravel syste11 that ex- 
tends from the upper Androscoggin Lakes to Portland. Here 
an osar-plain extended across the whole valley of a stream 
flowing northward into the Androscoggin River. Its average 
breath is from one-fourth to one-third of a mile. The plain is 
now deeply eroded so as to leave an alluvial terrace on each 
side of the valley and a prominent central ridge widely known 
as the Whales-back. A great glacial river here flowed from the 
Androscoggin Valley at Rumford Point, southward over a 
divide at North Woodstock more than a hundred feet higher 
than Rumford. The osar-plain is composed of sand near 
tumford, and becomes coarser as we approach the divide at 
North Woodstock, from whence the glacial stream flowed 
down the valley of the Little Androscoggin River. 

The mode of formation of the broad osars was approxi- 
mately as follows. Firstly a ridge of gravel was deposited in 
a narrow channel between ice walls. We need not now inquire 
whether this was a sub-glacial tunnel or a superficial channel 
cut down through the ice to the ground. By degrees this 
channel enlarged laterally by the melting and erosion of the 
ice until at last it became several, sometimes many times as 
broad as the original channel. It is very common to find the 
gravel at the sides of the osar-plain much less water-worn than 
that found in the central parts. This points to much less 
violent water action when the stream was widest. The broad 
osars seldom if ever are overlaid with bowlders having till- 
shapes. It appears incredible there should be a sub-glacial 
channel a half mile wide, overarched by ice, yet the sediment 
carrying no till bowlders fallen from the roof. Whatever we 
think of the narrow glacial rivers as to their being sub-glacial 
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or superficial, I regard the broad channels as having been open 
on the top to the air. 

Several of the longer osar-systems change to the form of 
osar-plains for a distance of five to forty miles, and then 
return to their original form of the two-sided ridge with 
arched cross-section. Thus the two developments—narrow 
and broad osar—alternate in the course of the same gravel 
system. The topographical relations of the two are the same. 

The diagnosis of the osar-plain has come slowly to me. In 
the earlier years of my exploration all alluvium found in the 
bottom of valleys was at once classified as valley drift, and 
was supposed to have no direct bearing on the question of the 
glacial sediments. It was almost shocking to begin to suspect 
that the credentials of the valley drift had not all been written 
out, so great is our veneration for geological terms. The 
object of this paper is not to deal with original data. But the 
osar-plains are so important a class of glacial sediments that it 
may be well to depart from the rule and give a brief descrip- 
tion of a concrete sample. 

A nearly continuous osar begins in the vicinity of the 
Sebois lakes and passes south and eastward past Patten to 
Sherman, where for a time the gravel nearly disappears on the 
top of the divide between a stream flowing northward into the 
Mattawamkeag River, at Island Falls, and the Molunkus 
stream which flows nearly south into the Mattawamkeag at 
Kingman. The proof is positive that a large glacial river 
flowed from the north to the head of the Molunkus valley. 
Naturally this river ought to have flowed down the valley. 
For ten miles below Sherman we find the Molunkus bordered 
by a low plain of sand and fine gravel. This plain extends 
across the bottom of the valley from hill to hill, just like a 
sheet of ordinary river alluvium. We shall notice, however, 
that the stones of the gravel are more worn and rounded than 
is common in the beds of Maine streams except among the 
mountains where there is a fall of seventy-five feet per mile or 
more. As we tramp this plain for about ten miles the appear- 
ance of the deposit remains like valley drift and probably we 
shall become more and more convinced that it is valley drift 
and nothing more. Then we shall find our gravel plain going 
obliquely up out of the bottom of the valley and for the next 
ten miles taking the form of a terrace up to one-fourth of a 
mile wide, situated on the east side of the river at a height of 
fifty to seventy-five feet above it. This gravel terrace is on 
the average at least one-fourth of a mile from the river. 
From the point where the gravel plain leaves the river and 
goes up on to the hillsides there is no gravel along the Molun- 
kus all the way to Kingman, only silt. Nor is there any 
gravel terrace on the west side of the river corresponding to 
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this on the east side. At Macwawhoe our gravel terrace 
becomes a two-sided plain and soon expands into a’plexus of 
reticulated ridges enclosing kettle-holes. The ridges here are 
composed of very round cobbles and bowlderets. Approaching 
Kingman the gravel plain narrows to a two-sided ridge of sand. 

It thus becomes certain that the sand and gravel situated on 
the east side of the Molunkus stream for the lower twenty 
miles of its course could not have been deposited by any ordi- 
nary stream and is of glacial origin. The argument now 
stands as follows: A large river flowed in an iee channel from 
the north to the head of the Molunkus valley. It is also 
proved that a glacial river flowed through the lower part of 
this valley. Such a stream cannot appear or disappear sud- 
denly by accident. The stream in the lower twenty miles of 
the valley must have been the same that flowed to the head of 
the valley. But in the upper ten miles the orly gravel is that 
alain in the bottom of the valley looking like valley drift. 

he shape of the gravel stones is now explained and we see 
why the alluvium of the valley changes when the osar-plain 
goes up on to the hills. The alluvial plain of the Molunkus 
for the ten miles below Sherman is not valley drift but an 
osar-plain happening to occupy the bottom of a valley. 

It may be added that this gravel system extends from King- 
man near eighty miles southward to Columbia. We are 
considering a very long and large glacial river. 

From this and numerous other examples it can be confi- 
dently affirmed that osar-plains are often found extending 
across the bottoms of valleys like river alluvium. There are 
in Maine special facilities for proving these plains to be of gla- 
cial not fiuviatile origin. Thus the courses of the longer 
osars and osar-plains lead most of them across several valleys 
of natural drainage. It can thus be easily proved that there 
is a great change in the character of the alluvium of these val- 
leys at the points where the gravel systems enter or leave the 
valleys. The shapes of the gravel stones and various other 
phenomena also furnish tests, but it requires a considerable 
study of the till, the glacial gravels, and the valley drift of a 
region to safely apply these tests. In long north and south 
valleys, like that of the Connecticut, where the course of the 
glacial nearly coincided with that of the post-glacial river, some 
of these tests cannot be applied, and it will be much more 
difficult to distinguish osar-plains from valley drift than it is 
in Maine. 

The osar-plains I esteem of more geological significance 
than perhaps any other form of glacial sediments because of 
the light they throw on the mystery of the valley drift. 

It is not probable that the narrew channels of the osars 
broadened to those of the osar-plains by lateral erosion and 
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melting that proceeded at an equal rate throughout the whole 
length of a long glacial river. This broadening must often 
have been recessive, i.e., gradually extending northward. It 
so, the broad plain that was deposited in this newly widened 
channel was, with respect to the glacial river which to the 
north still flowed in a narrow channel, a frontal plain. 

On the north side of hills crossed by the channels of the gla- 
cial rivers there was a reach of water rising to the top of the 
hill lying to the south which was in equilibrium. These hills 
in fact formed a series of dams or lakes in the courses of the 
rivers. The sediments deposited in these reaches of rather 
dead water were very characteristic and the phenomenon is 
found almost everywhere. The traces of these dams are more 
obvious in the osar-plains than in the narrow osars. 

What are elsewhere termed narrow marine deltas appear to 
have been deposited in channels of the ice which, if above sea 
level, would contain osar-plains. Though narrow as com- 
pared with the fan-shaped delta yet these channels were very 
broad as compared with the kame and osar-channels. In 
other words an osar-plain deposited beneath the sea became 
the narrow marine delta. 

9. The reticulated kames.—As before stated, a plexus of 
reticulated ridges enclosing kettle-holes is found at the land- 
ward end of the marine and lacustrine deltas. So far the 
reticulated ridges might be considered merely as a feature of 
the deltas and not deserving classification as a distinct form of 
deposit. But reticulated ridges are found unconnected with 
deltas or only very remotely. Hence I consider them as being 
well entitled to be recognized as a peculiar type of sedimentation. 

The plains of reticulated kames are mostly found in the 
broader valleys and rather level regions situated between 230 
and 600 feet above present sea-level. They are most abund- 
ant where the local rocks are granite, though not absent from 
the slate areas. They are especially large and numerous in the 
southwestern part of the State. Here they may be found ten 
and even twenty miles in length and from one-half a mile ap 
to three or four miles in width. All degrees of complexity 
are represented, from the great plains just mentioned down to 
‘the simple case of a ridge forking into two branches which 
after a time come together again and thus enclose a basin.. 
The plains consist of a jumble of every possible kind of ridge 
and heap, enclosing all forms and sizes of hollows, from depres- 
sions a foot in depth up to lake basins, which often have no 
visible outlets. 

And not only do we find ordinary narrow kame ridges con- 
nected by cross ridges, after the manner of the usual plexus of 
reticulated ridges, but there are broad plains or series of reticu- 
lated kames which anastomose over large areas and enclose 
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spaces several or many miles in diameter. Thus in that part of 
Maine west of Sebago Lake and south of the Androscoggin 
River, all the larger gravel systems are connected with each 
other, not only at the great marine deltas (the deltas of the 
glacial rivers are here so large that those of adjacent rivers 
coalesced) but above the contour of 230 feet we tind each 
gravel series connected with the rest by lateral series. The 
most remarkable of these reticulations of the plains themselves 
are found in the towns of Fryeburg, Brownfield, Porter, Hi- 
ram, Cornish, Parsonsfield and Newfield. The country is very 
hilly. The principal streams of the region, the Great and 
Little Ossipee Rivers, flow in east and west valleys, while their 
lateral tributaries occupy aseries of north and south valleys. 
Four series of gravel plains, each from one-sixteenth to three- 
fourths of a mile wide, traverse this region along the north 
and south valleys, thereby crossing all the east and west valleys. 
This course leads them in several places up and over lills more 
than 200 feet high, measured on their northern sides, and in 
one case over a hill about 400 feet high. Every few miles the 
north and south series are connected by transverse gravel plains 
of similar character. Most of these lie in the east and west 
valleys, but part of them go over hills. The complexity of the 
long reticulations can only be appreciated by inspection of the 
map. The gravel plains in question take the form of osar 
plains alternating with reaches of plains composed of reticu- 
lated kames. In three places they are connected with the 
great kame-plains mapped by Mr. Warren Upham as extend- 
ing in New Hampshire from Conway southward. 

[y paper on the kames of Maine read before the Boston 
Society of Natural History in 1880 made it certain that the 
longer gravel systems of Maine often have branches converg- 
ing toward the south like tributaries of the ordinary rivers that 
flow southward. It is now certain that many osars and osar- 
plains divide into branches which diverge toward the south, 
like the delta branches of rivers. This does not refer to 
branches which presently came together again (the phenom- 
enon of the reticulated eg but to branches that diverge for 
long distances and some of them end in marine deltas ten or 
more miles apart. In these cases the branches do not come to- 
gether at any place after divergence. This can be accounted 
for in different ways. 

1. It is probable that in case of some of the diverging or 
delta branches, the rivers which deposited the diverging lines 
of gravels flowed simultaneously in both the channels like the 
delta branches of the Mississippi. 

2. In some places one of the lines of diverging gravels is 
found following a slope of natural drainage, while the other 
goes over hills at a higher level. Such for instance are the 
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diverging osars and osar-plains found at North Waterford, also 
at the southeast angle of Hogback mountain in Montville, and 
in the valley of Break-neck brook in the northeastern part ot 
Baldwin. In these and other similar cases the most probable 
interpretation is that the glacial river for some reason changed 
its course, so that the two lines of gravels were not formed 
simultaneously. Probably the channel first in use was the one 
leading over the higher ground. When the lower channel was 
opened the old one over the hills would gradually be aban- 
doned. Yet the ice conditions were so far independent of the 
shape of the ground that it will be unsafe to affirm that the 
most favorable land-slope would in all cases be the most favor- 
able route for a glacial river. 

We may have, then, in the course of a single long gravel 
system, the glacial sediment taking the form of the osar, the 
osar-plain, and the plain of reticulated kames, also the marine 
and lake deltas. All are the work of the same glacial river 
acting under different local conditions. While it is impossible 
to treat of the more purely theoretical questions in a single 
paper, yet a few words as to the relations of these different de- 
posits and their probable origin will be added. 

The first trace we have of the long glacial river is that it 
deposited the osar. This proves that it flowed in a rather 
narrow channel—about 300 feet or less in width. All the facts 
in Maine, as well as those observed by Prof. Dana in the Con- 
necticut valley, point to a larger and larger flow of water as we 
near the end of the ice period. This enlarging glacial river 
gradually broadened its channel, partly by melting of the ice 
at the sides, and partly by erosion. If the enlargement of the 
channel took place fast enough to afford passage for the waters, 
a broad channel was formed in which the level- topped broad 
osars were deposited But on long, steep down slopes, espe- 
cially in the granitic regions where the englacial till was very 
abundant, vast quantities of sediment were swept down the 
slopes into the valleys and plains. The glacial channels in the 

valleys were rapidly filled with sediment. This, together with 
the great increase in the flow of the waters, forced the glacial 
rivers to form new channels. In other words, since the con- 
ditions were those of extraordinary sedimentation, there was 
not time to enlarge a single channel so as to carry off the 
waters, but large numbers of narrow channels were formed, 
connected at frequent intervals one with another by transverse 
channels. In these reticulating channels the reticulated kames 
were deposited. It should be noted that these remarks apply 
only to the reticulated kames not closely connected with marine 
or lacustrine deltas, No doubt the two classes of ridges are 
often intimately mixed. 
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According to the above stated hypothesis the reticulated 
kames neither connected with the deltas nor with those local 
plains that were deposited in small lakes or pools where the 
glacial streams were partly stopped, were formed in channels 
within the i ice, while in the delta plexus the reticulated ridges 
were formed in front of the ice, so that the gravel collected 
in the stiller water at the sides of the swift current. 

It is probable that a large part but not all the reticulating 
ice-channels were sub-glacial. 


Some additional considerations relating to the origin of the 
reticulated ridges are the following : 

1. In the case of the deposits here termed deltas, we have a 
gradual change of sediments from coarser to finer. This is 
proof of a gradual slowing of swift waters, such as must hap- 
pen when a rapid stream flows into a large body of rather still 
water. But in the case of the plains of reticulated ridges 
found above 230 feet, we can follow, them for several or many 
miles and find but very little sign of horizontal assortment of 
sediments. The largest deltas below 280 feet show a decided 
change in fineness within two or three miles. 

2. Wherever we find the horizontal gradation from coarser 
to finer sediment, we also find in going in the same direction 
the ridges growing broader (somewhat in fan-shape) and the 
lateral slopes more gentle till the ridges coalesce in a rolling 
plain. But many of the osars fork into two or more branches 
which continue of nearly uniform size for two or three miles 
till they unite again. 

3. Take the case last cited of long diverging branches en- 
closing a space one-fourth mile wide. If the space between 
the branches was open water, how can we account for the pro- 
digious size and swiftness of the stream which swept so wide 
and long a space clear of sediments and left a ridge on each 
side of it, yet permitted the deposit of a single ridge both to 
the north and south of the double-ridge? In such a ease it 
seems to me impossible that the space enclosed between the 
ridges was kept clear of sediment by flowing water. The ar- 
gument seems to be overwhelming that it was occupied by ice. 

There seems to be no other way to account for all the facts 
except on the hypothesis that there were two classes of reticu- 
lated ridges, one formed in branching ice-channels, the other 
in open water where swift streams flowed into it. 

10. Osar Border-clays.—In several places a kame or osar 
is bordered on each side by a plain of grayish clay which in 
some cases rises in a steep bank above the adjoining ground in 
places where we can admit no recent erosion sufticient to 
account for such a terrace. So, too, such clay plains are 
found going over hills where no surface stream can have 
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flowed, not even the swollen rivers of the valley drift epoch. 
These conditions prove that the clay was deposited in a channel 
between ice walls. The central gravel ridge proves that 
originally a glacial stream flowed in a narrow channel and 
deposited a kame or osar. Later the channel broadened so as 
to become an eighth of a mile wide or somewhat wider. The 
border-clays were deposited in channels resembling those of 
the osar-plains, but they all belong to the shorter gravel sys- 
tems. In the case of the longer glacial rivers the flow of water 
was moderately swift, so that a plain of sand and gravel was 
laid down in the broad channel. When the supply of water 
was small the flow became so slow in the broad channels that 
the finer sediment was dropped. This clay flanks and overlies 
the sides of the central ridge, or in some cases appears to pass 
into by degrees and to stand at the same level. 

As there are some advantages in confining the names kame 
and osar to ridges of the coarser sediments, I give this bordering 
clay a special name, though in fact it is genetically a broad- 
channel deposit like the osar-plains. In both, the central part 
of the plain is coarser than the material at the sides. 

In Madison and Anson a plain of the border-clay is strewn 
with quite a number of bowlders up to six feet in diameter, or 
somewhat more. These bowlders show no sign of water-polish 
on their surfaces and have the till-shape. But there is no 
sheet of till overlying the clay, only these occasional erratics. 
They were probably dropped from small bergs or ice-floes 
floating on the glacial streain. 

11. Frontal Plains.—These are plains of sediment brought 
by glacial streams down to the extremity of the glacier and 
then spread sub-aerially over the land in front of the ice. 
The sediment extends across the bottom of the valleys in 
which it is found, and thus with respect to these valleys, is a 
form of valley drift. In Maine the frontal plains or deltas are 
found in valleys having a southward slope and at an elevation 
of more than 230 feet. They form the southern terminations of 
rather short osars. The osar ridge widens as we go southward 
and soon expands into a plain that extends across the whole 
valley. The stones are very much water-worn, and thus have 
the shapes found in the glacial gravels but not in the beds of 
streams, except the very steep mountain streams. Within a 
few miles we pass beyond the gravel and coarse sand and find 
the valley covered with a deep sheet of silt and clay. These 
so-called frontal plains are found in only a few places in Maine 
and are situated sixty or more miles back from the coast. 
They must have been formed late in the ice age when the ice 
had melted over the coast region. Both the frontal plains and 
the marine and also the lacustrine deltas, were deposited in 
front of the ice, but under different circumstances. 
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12. Much of the so-called Valley Drift.—The deposits hereto- 


fore described are so unmistakably of glacial origin that I antici- 
pate no difference of opinion on this point among those who study 
the facts in the field. We now approach a class of sediments 
concerning which the interpretation is more doubtful, and 
probably more facts may be needed before we solve the 
problem in its details. It is but justice to add that my con- 
clusions have been very slowly formed and even yet are in 
part tentative. 

Where was the material derived from that forms the thick 
sheets of alluvium which cover the bottoms of most of the 
larger valleys of New England ¢ 

If this sediment was derived from post-glacial erosion of the 
till and if the deposition of the alluvium took place after all the 
ice had melted, we ought now to find the marks of this erosion. 

1. Since the alluvium was deposited in the larger valleys, 
the erosion must have taken place in the steeper lateral valleys 
and on the higher hill-slopes. Ravines of erosion in the till 
ought to abound on all the highlands, and their aggregate 
volume ought to be very great in order to account for so large 
a body as the valley drift. Now there are multitudes of 
ravines of erosion on the hill-sides and in the upland valleys, 
but they are mostly small. Each year it has appeared more 
and more improbable that the existing ravines represent the 
vast erosion required by the hypothesis that the valley drift is 
due to post-glacial erosion of the till. Nor do I see any proof 
of the obliteration of ravines such as must have been formed. 
Nor is it admissible to postulate, in so hilly and uneven a 
country as Maine, any great diffused or general ablation from 
the whole surface of the till, taking place after the ice had all 
melted. The contour of the surface is such that surface 
waters necessarily gather into rills and these into larger 
streams, thus largely localizing the erosion in ravines 

2. The valley drift is chiefly composed of the finer parts of 
the till. If this fine detritus was washed out of the till after 
the final melting of the ice and deposition of the till in its 
final position, we ought now to find in the upland valleys and 
ravines great masses of residual gravels composed of the coarser 
matter of the till left after the removal of the finer matter to 
form the valley drift. No such extensive bodies of coarse 
residual matter are found in such positions as ought to occupy 
them on this hypothesis. 

The problem resolves itself into this: How can we account 
for a very great erosion of the finer matter of the till, yet so 
diffused over the surface as not to leave very large erosion 
ravines and masses of residual gravels? 

The subject is too complex to properly present within the 
limits of a single article. The outlines are as follows : 
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1. The phenomena of the osar-plains prove that not infre- 
quently broad channels existed within the ice up to a half 
mile or more in width. Within these channels great rivers 
deposited plains of nearly horizontally stratitied gravel and 
sand. These are purely glacial sediments. 

2. In numerous instances these broad channels extended 
across the valleys in which they were situated. In such cases 
the plains of glacial sediment cover the whole bottom of the 
valley from one side to the other. They thus oceupy the 
position natural to fluviatile drift and are indistinguishable 
from it except by tests involving the study of many facts. The 
osar border-clay is a collateral phenomenon of the same class. 

3. In like manner osars of unmistakably glacial origin 
expand into plains that soon extend across their valleys after the 
manner of valley drift. These are the frontal deltas or plains. 

4. In general the alluvium of valleys parallel with the direc- 
tion of ice-flow is considerably coarser in composition than that 
of valleys transverse to this direction, and the stones are much 
more water-worn. 

5. The larger of the present rivers poured great quantities 
of sediment into the sea while it stood at the contour of 230 
feet or thereabout. This apparently was cotemporaneous 
with the first flow of the rivers in their present valleys, after 
the ice had become so far melted as to permit them. The 
coarser fluviatile sediments at that time brought into the sea 
are now found in the form of broad sheets of sand which 
extend twenty or more miles south of the contour of 230 feet. 
These fluviatile sands may be termed fluviatile deltas to dis- 
tinguish them from the off-shore deposits of the glacial rivers. 
All of them end before reaching the present shore unless the 
delta of the Androscoggin be an exception. For example, the 
Kennebec River of valley drift time poured into the sea in or 
near Madison and the fluviatile delta-sands of that time form a 
sheet one or more miles in width, which overlie the marine 
fossiliferous clays and extend as far south as Waterville. If 
during the retreat of the sea to its present level the Kennebec 
had continued to pour as large quantities of sand into the sea as 
it did while its mouth stood near 230 feet, we ought now to find 
a sheet of sand one to three miles wide covering the marine 
clays all the way southward to the present coast. Instead, we 
find only a small amount of fluviatile delta-matter south of 
Waterville, and this forms only a narrow strip near the river 
and is hardly distinguishable from the present flood-plain of 
the river. This proves that it was only while the sea stood at 
or near 230 feet that the swollen rivers of the Valley Drift 
epoch were able to transport large amounts of sediment. The 
shortness of this period is proved by the limited amount of 
erosion wrought by the sea. 
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We have, then, to consider not only the thick sheets of 
alluvium covering the bottoms of the valleys above 230 feet, 
but also the fluviatile off-shore sands deposited at the same 
time. These are now exposed for our examination. Alto- 
gether they represent a very large body of sediment. And we 
tind proof that it was all laid down within a very brief period. 
If this vast amount of fine sediment was derived from the till 
after the ice had all melted, we could not fail to find the 
ravines and other traces of this enormously rapid erosion. The 
uplands ought to have been dissected into a condition ap- 
proaching that of the bad-lands of the west. 

The most probable interpretation from these and many other 
facts is the following: 

While it is true that the morainal matter contained in the lower 
portion of the ice must often have been irregularly distributed in 
consequence of local causes, yet on the average it is probable that 
the proportion increased near the ground. During the final melt- 
ing a larger quantity of till w ould each year become exposed on 
the surface of the ice. During the melting of the last 100 
feet very little clear water could have escaped from the ice. 
The surface was covered with muddy till. The sub-glacial 
tunnels were roofed with muddy ice and the same muddy ice 
was revealed in the walls of superficial channels and crevasses. 
The melting of each minute ice grain unlocked more mud. 
The rains and melting waters washed away this unconsolidated 
ooze far more easily than they could erode till already com- 
pacted and settled. Erosion accomplished by waters issuing 
from beneath is a very different process from ordinary erosion 
by rains and streams. Moreover this erosion was more de- 
pendent on the ice-conditions than on the slopes of the under- 
lying land surface. Here, then, was an ablation diffused over 
the whole surface. While post-glacial erosion of previously 
deposited till would be largely localized in the steeper lateral 
valleys, late glacial erosion would be far more diffused. The 
coarser or residual matter of the till would be left over the 
whole surface, not in the ravines and smaller valleys. 

It is a well known law of melting ice that the parts quickest 
drained of their melting waters melt slowest. So on the melt- 
ing ice-sheet, wherever the waters gathered, there the melting 
proceeded most rapidly. This is the principal cause of the 
great enlargement of the river channels from those of narrow 
osar to broad osar-plains. 

The facts in Maine reveal very much of the hydrography 
of the ice-sheet. It is impossible here to go into details or to 
diseuss the effect of hills on the overlying ice-surface. We 
have also to consider the effect of the till that accumulated on 
the ice-surface in consequence of the melting of the upper ice, 
in protecting the ice beneath it from the heat of the sun and 
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thus retarding the melting. The net result of all the forces 
involved was that the waters were diverted into the valleys 
during the last days of the ice-sheet. The ice in contact with 
the water melted more rapidly than the ice of the uplands 
which was readily drained. The time came when the streams 
extended across the whole of the lower part of the valleys 
while much ice still remained on the hillsides. We might call 
the vast streams, which then tilled the valleys, ordinary rivers, 
since they were not bordered immediately by ice. Yet the 
seepage of ooze and flow of Gletschermilch, silt and sand, 
which had helped fill the broad channels of the osar-plains 
period, still continued from the uplands with even greater 
rapidity. At the place of deposition over the bottoms of the 
valleys this drift was fluviatile, but with respect to the ice that 
still remained on the uplands it was frontal matter. 

In large part the valley drift is a frontal plain of glacial 
sediment. In several of the north and south valleys the cen- 
tral part of the plain of so-called valley drift is an osar-plain 

roper. Given a broad channel and a more rapid melting of 
the ice at the sides of the channel as we go southward, it is 
evident that at some point the stream will have broadened so 
as to extend across the whole bottom of the valley. All the 
sediment below this point will be a frontal plain with respect, 
both to the osar-plain river flowing from the north and also 
with respect to the multitude of small streams and seeps from 
the ice on the hills at the sides of the valley. As the enlarge- 
ment of the glacial channel proceeds northward, the frontal 
plain is extended at the same rate. We thus have sediments 
that were deposited along the axis of the valley between ice 
walls ultimately flanked and more or less covered by frontal 
matter. It will usually be very difficult to distinguish the osar- 
plain from the frontal plain, since they blend one into the 
other by degrees. 

The writer has not explored the upper portion of the valley 
of the Connecticut River and therefore cannot venture a 
positive opinion. But the descriptions of the alluvium of this 
valley given by Messrs. Hitchcock, Upham and Dana are not 
only consistent with there having been an enlarging ice-channel 
along the axis of the valley, but are highly suggestive of that 
hypothesis. The alluvial drift of the lower course of the 
Aroostook River and the middle course of the St. John has 
very nearly the same character, with perhaps a larger admix- 
ture of frontal matter. 

The osar-plains also help us solve the question, long mooted, 
of the origin of the river terraces. 

It will be noted that the above outlined conception of the 
Valley Drift epoch, though derived from a strict induction 
from the facts as observed in Maine, is in many respects not 

very different from that of Dana’s Manual. 


! 
I 


Gooch and Ensign—Determination of Bromine. 145 


Art. XVI.—TZhe Direct determination of Bromine in mix- 
tures of alkaline Bromides and Lvdides; by F. A. Goocu 
and J. R. ENsIGN. 


[Contributions from the Kent Chemical Laboratory of Yale College.—IV.j 


IN a recent paper from this laboratory* two methods were 
elaborated for the direct determination of chlorine in mixtures 
of alkaline chlorides and iodides. These methods are based upon 
the action of oxidizing agents, in presence of free sulphuric acid, 
upon dilute solutions of the haloid salts at the boiling tempera- 
ture. Under conditions ig ne. controlled, iodine is entirely 
eliminated by volatilization, leaving the chlorine combined and 
undisturbed. In the work of which this paper is an account 
we have endeavored to determine the applicability of the same 
reactions to the separation of bromine from iodine in similar 
association. It appeared very early in the work that the exact 
conditions which were found suitable in the separation of 
chlorine and iodine are inappropriate to the separation of bro- 
mine and iodine. Thus, while according to one of the two 
methods which we discuss, the gas evolved from 2 grms, of 
sodium nitrite, passed into a solution containing in 400 em* 0°5 
grm. of potassium chloride, 1 grm. of potassium iodide, and 5 em* 
of strong sulphuric acid, eliminated the iodine with a mean error 
of 0-:0002 grm. +, and while according to the other process the 
iodine was removed by the action of 2 grms. of ferric sul- 
phate and 3ecm* of nitric acid upon a solution similarly 
constituted otherwise with a mean error of 0-0001 grm., it 
was found that like conditions in certain experiments in which 
potassium bromide replaced the chloride were productive 
of errors amounting to from 0°0100 grm. to 0°0200 grm. in 
both processes. It was evident, therefore, that the reactions 
which obtained in these processes must be carefully studied 
and adjusted to make them applicable to the separation of bro- 
mine and iodine. Attention was turned at the outset to the 
behavior of the bromide taken by itself—that is, unaceom- 
panied by an iodide—in boiling solutions containing the rea- 
gents of the process. Measured portions of solutions of po- ° 
tassium bromide and of the other reagents were brought to 
definite volume and boiled in a distillation flask connected with 
a condenser. The measured distillate was treated with silver 
nitrate after the addition of a few drops of sulphurous acid to 
convert free bromine to hydrobromie acid, and, after the ad- 
dition of an excess of nitric acid to dissolve precipitated sul- 
phite, the silver bromide was settled, filtered off upon asbestos 
in a perforated crucible, dried and weighed. The details of 
these experiments are given in the accompanying tabular state- 
ment. 

* Gooch and Mar, this Journal, xxxix, 293. 
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H.SO, 
[1:1] 
em*, em?, 


ww 


3 
10 3 
10 3 
10 3 
10 3 
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2 
10 3 
10 4 
10 5 
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KBr = UBr, 

taken, 

grm. grm. 
1 06799 
1 06799 
1 06799 
1 0°6799 
1 0°6799 


1 0°6799 
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200 


Initial 
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em®, 
300 
200 
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50 

25 
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VI 
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50 
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600 
500 
400 
300 
200 
100 


Final 


em?, 
300 
200 
100 
50 
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300 
300 
300 
300 
300 


Final 


cm?, 
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AgBr found = HBr. 
volume. volume. in the distillate. lost. 


grm. 
00001 
00003 
0°0006 
00024 
0°0196 


0:0002 
0:0001 
0°0002 
0°0004 
00019 
0°0224 


0°0008 
0:0004 
0°0010 
00018 
0°0170 


00012 
0°0016 
0°0034 
00094 
0°0312 


AgBr found 
in the 
distillate. 
grm. 
trace 
0:0009 
00007 
0°0004 
0°0004 
0°0423 


0°0009 
0°0011 
0°0012 
0:0064 


trace 
0°0002 
0:0018 
0°0032 
0°0202 


color of bromine ir distillate 


grm. 
trace 
0°0001 
00003 
0°0010 
0°0084 


0°0001 
trace 
00001 
00002 
0:0008 
0°0096 


0°0003 
0°0002 
0°0004 
0:0008 
0°0073 


color of bromine in distillate 


0°0005 
0°0007 
00015 
0°0040 
0°0130 


HBr 


lost. 
grm. 
trace 
0°0004 
070003 
0°0002 
0°0002 
00180 


0°0004 
0°0005 
0°0005 
0°0027 
color of bromine in distillate 


trace 
00001 
0°0007 
0°0014 
00086 


10 
10 
10 
10 100 
10 50 |_| 
Il. 
600 500 
500 400 
400 300 
300 200 
200 100 
ai 100 50 
III. 
500 
500 400 
400 300 
300 200 
200 100 
100 70 
IV. 
400 
460 
400 
400 
400 
HS, 
1:1] = 
200 
100 
50 
25 
15 
ne 5 
10 a 200 
10 oe 100 
10 50 
q 10 es 25 
10 oe 10 
VIL. 
500 
400 
300 
200 
100 
90 
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VIII. 
H.SO, Fe.(SO,); HBr = KBr Initial Final AgBr found= HBr 
[1:1] taken. volume. volume. in the distillate. lost. 
em’, em*, grm. grm. grm. em*, grm. grm. 
5 2 06799 1 600 500 0:0021 00008 
5 2 06799 1 500 400 0°0036 0°0016 
10 5 2 0°6799 1 600 500 0:0037 0°0016 
10 5 2 06799 1 500 4(0 0°0082 0°0035 


From the experiments of series J, it becomes plain that 5 
cm*® of strong sulphuric acid (added as 10 em’ of the mix- 
ture made by diluting the strong acid with an equal volume of 
water) and 1 grm. of potassium bromide do not interact in a 
way to set bromine free or to volatilize hydrobromie acid ap- 
preciably until the volume of the liquid has decreased by boil- 
ing to about 100cem*. The results of series II show, in like 
manner, that the effect of 3cm* of nitric acid—the amount 
which was found to be suitable in the separation of iodine and 
chlorine in presence of a ferric salt—is not significant until 
the liquid is concentrated to 200 em*. The combined effect of 
the two acids, as shown in the experiment of Series III, is 
somewhat different. Here it is evident that bromine is liber- 
ated at the highest degree of dilution employed, though the 
loss is hardly significant in a volume of liquid larger than 
400 em*. In the experiments of series 1V, the effect of in- 
creasing the proportions of nitric acid, while keeping the 
amount of sulphuric acid and the degree of change in dilution 
constant, was manifestly to magnify the decomposition of the 
hydrobromic acid. 

In series V to VIII, hydrobromic acid was employed instead 
of the bromide. From the results of series V, it becomes evi- 
dent that concentration of the pure hydrobromic acid may be 
pressed to 15 em* without incurring serious loss. The effect of 
the presence of sulphuric acid in raising the limit below which 
the volatilization of hydrobromic acid begins appreciably, is 
plain in the figures of series VI. Series VII sets the volume of 
400 em’ as the limit to which the same amount of hydrobromie 
acid may be concentrated without loss in presence of 5 cm* of 
nitric acid. Series VIII indicates unmistakably that even at a 
volume of 500 em* the combined influences of sulphuric acid, 
nitric acid and ferric sulphate taken in the amounts named 
remove bromine, the loss being greater when the sulphuric 
acid is present than is the case when the nitric acid and ferric 
sulphate are present without it. 

The general indication of all these results taken together 
and brought into comparison would seem to be that improve- 
ment in the processes for separating iodine by the use of the rea- 
gents whose action is here studied should lie in the direction of 
greater dilution of the solution treated. Accordingly certain 


148 Gooch and Ensign—Determination of Bromine. 


experiments were undertaken following the same general plan 
already laid down, excepting that the original volume of the 
liquid boiled was taken much larger than before, and the con- 
centration guarded. Determinations were first made in blank ; 
—that is to say, the process was completed in all respects as if 
iodine were present and to be separated, excepting that no iodide 
was introduced. To the solution of the bromide, weighed in 
an Erlenmeyer flask of 1200 em* capacity, were added 10 em* of 
sulphuric acid [1:1], and, after diluting to at least 600 em‘ of 
water, the gas from 2 grms. of sodium nitrite was passed into 
the liquid, the trap consisting of an abbreviated calcium chlo- 
ride tube with two bulbs, was hung in the neck of the flask, 
and the boiling was continued for at least an hour and a half. 
Finally the solution was cooled, treated with silver nitrate, 
and the silver bromide precipitated was settled, filtered off on 
asbestos in a perforated crucible, dried and weighed. The de- 
tails of treatment are given in the table. 


TaBLe IX. 


NaNO, usedin KBr=HBr 
generator. taken. 


AgBr=HBr Error in 
found. HBr, 


Initial 
volume. 


3 
3 
— 
= 
> 
= 
= 
oS = 
= 


grm. germ. grm. grm. grm. grm. 

2 0°3667 é 120 0°8506 0°3665 0°0002— 
05387 0°3663 90 6°8492 0°3659 0:0004— 
05397 0°3669 90 0°8511 0°3667 0°0002— 
0°5397 0°3669 90 0°8488 0°3657 0°0012— 
0°5369 0°3650 90 0°8465 0°3647 0°0003— 
Fe.(S80,)3 + HNO; 

grm. em* 


botot 


03662 8 500 105 0°8494 0°3661 0°0001— 
0°3662 8 500 105 0°8483 0 3655 0°0007— 
0°3652 0 400 90 0°8455 0°3643 0°0009— 
3 0°3645 400 90 0°8439 0°3636 0°0009— 


It is obvious that so far as the treatment in blank is con- 
cerned the degree of dilution had been reached at which no 
significant volatilization of the bromine takes place. We pro- 
ceeded, therefore, to make the actual separation, the only 
change in conditions being the addition of 0°5 grm. of potas- 
sium iodide, which was especially prepared and used in solution 
as described in the paper to which reference has been made. 
The boiling was continued until red litmus paper, moistened 
and held in the escaping steam for a minute or two, showed no 
reaction for iodine. 


i 
| 
10 
10 
10 
10 
10 
10 2 5 0°538 
| 10 2 5 0°537 
i 10 3 5 0°536 
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TABLE X. 
Ss & 
KBr=HBr S AgBr=HBr_ Error in 
ro) taken. 25 "= found. HBr, 
= 
em*, grm. grm grm. grm. cm’, grm. grm. grm. 
10 2 0°5371 0°3652 600 500 20 0°8358 0°3601 0°0051— 
10 05 2 0°5367 0°3647 600 500 30 0°8337 03592 0:°0055— 
10 05 2 9:5365 0°3647 600 500 20 0°8309 0°3580 0:0067— 
grm. cm* 
10 05, 2 5 0°5273 0°3653 700 550 75 08170 0°3520 0°0133— 
10 08 2 5 0°3655 700 550 60 0°8171 0°3520 0°0135— 


In the comparison of the results of these experiments with 
those of Table [X, it is plain that, though the time of exposure 
to the boiling temperature is much shorter, the evolution of 
the iodine is attended by a not inconsiderable disappearance of 
bromine. This loss is greater in those tests in which the oxi- 
dation is produced by the combined action of nitric acid and 
the ferric salt. It is plain that in this form the method is use- 
less. We tried next the effect of reducing the quantities of 
the reagents used by one-half, keeping the velume of the liquid 
the same, and, finding that the process, conducted otherwise 
exactly as described above, yielded under these new conditions 
0 1825 grm. of hydrobromic acid instead of 0-1827 grm. taken, 
we began a series of experiments designed to test the effect of 
varying the amounts of sulphuric acid present. The other con- 
ditions were kept unchanged. Table XI contains the record of 
experiments of this sort in which the oxidizing effect was se- 
cured by the action of nitric acid and a ferric salt. In Table 
XII are given the results of experiments in which the fumes 
generated by the action of sulphuric acid upon sodium nitrite 
were passed into the liquid to set the iodine free. 


TABLE XI. 
= = 
ae KBr=HBr SE AgBr=HBr. 
= 2 
5 
em’, grm., grm. grm. grm. cm’, grm. grm. grm. 
5 2 05514 0°3748 650 500 90 0°8285 0°3570 0-0178— 
4 05 2 3 05510 0°3745 650 500 90 0°8378 03610 0°0135— 
3. 05 2 3 05514 0°3748 650 500 90 0°8463 0°3647 0°0101— 
2; 0S 2 0°5504 0°3741 650 500 90, 0°8521 0°3672 0:0069 — 
1 05 2 3 0°5508 0°3744 650 500 90 0°8554 9°3686 0:0058— 
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TABLE XII, 


AgBr=HBr Error in 
found. HBr. 


KBr=HBr 
taken. 


Initial 
volume 
Final volume. 
minutes. 


1480, [1:1] | 
NaNOQ, used 
in generator, 


grm. grm. cm’. em’, grm. grm. grm. 
0°5374 0°3654 600 neverless Ab’t 0°84600°3645 0°-0009— 
than 500 30 

0°5375 0°3655 600 --. 0°8447 0°3639 0°0016— 
0°5365 0°3647 6 0°8473 0°3651 0:0004+ 
0°5361 6°3644 65 0°8461 0°3645 0°0001 + 
0°5106 0°3471 65 0°8070 0°3478 0°0007 + 
0°5506 0°3743 6 0°8645 0°3725 0°0018S— 
05371 0°3652 65 3647 0°0005— 
0°5377 0°3655 65 3651 0:0004— 
0°5508 0°3744 65 0'8676 0°3737 0:0007— 
0°5371 0°3652 65 0°8459 0°3644 0°0008— 
0°5365 0°3647 650 0°8465 0°3647 0°0000 

0°5368 0°3649 65 0°0007 + 
0°5364 0°3646 6 0°0004 + 
0°5505 0°3742 65 00002 + 
0°0576 0°0391 65 0°0003 + 
0°0552 0°0375 65 0°0005 + 
0°5366 O°3647 65 00007 + 
0°5369 0°3650 65 0°0001 + 
0°5515 O°3747 65 0°0005— 
0°5367 0°3648 65 0°0012+ 
0°5366 0°3647 0°0011 + 
0°5368 0°3649 650 . 0°8492 0°3659 0°0010+ 
05515 03749 650 0°8763 0°3776 0:0027 + 


ok, 
0g 
= 
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It is plain that in both processes the loss of bromine dimin- 
ishes as the amount of sulphuric acid decreases. In the pres- 
ence of nitric acid and ferric sulphate the point is never 
reached, within the limits of our experimentation, at which 
the error is brought within allowable bounds. This mode of 
attempting the separation of bromine and iodine we therefore 
abandoned. 

On the other hand the nitrous acid process, fairly successful 
when the sulphuric acid present is restricted to 5 em* of the 
half and half acid (or to 2°5 em’ of the strong acid), is estab- 
lished as trustworthy when the sulphuric acid present is held 
within the limits of 2 em* to 4em* of the [1:1] mixture. The 
mean error of thirteen determinations in which the proportions 
last mentioned were preserved is 0, lying between extremes of 
0:0008 grm. —and 0°0007 grm. +. When the quantity of sul- 
phuric acid is still further diminished there appears to be a 
slight tendency to show an apparent excess of the bromide, 
due in all probability to the retention of a little combined 
iodine in the solution. The best proportion for practical use 
is probably 3 cm’ of the half and half acid to an initial volume 
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not less than 600 em*—the amount lying midway between the 
proportions with which divergences begin to be noted. 

Other test determinations were made along the same lines, 
excepting that, instead of generating the nitrous fumes outside 
the liquid under treatment, pure sodium nitrite was introduced 
directly into the solution. The nitrite was prepared free from 
halogens by adding to its solution a little silver nitrate, acidu- 
lating distinctly with nitrie acid, and filtering off the little 
silver chloride thus precipitated, together with a small amount 
of silver nitrite thrown down at the same time. The strength 
of the solution thus prepared was determined by acting upon 
a definite portion with ferrous sulphate in excess and titrating 
the residual ferrous salt with potassium permanganate. The 
details of these experiments are given in Table XIII. 


TABLE XIII. 


KBr=HBr 
taken. 


AgBr=HBr 
found. 


Initial 
volume. 
{rror in 


NaNO, 
in the liquid. 
HBr. 


| Final 

| volume. 
Time in 
minutes. 
E 


| 
| 


grm. grm. grm. grin. grm. grm. 
never About 


0°35 0°5508 0°3745 i below 30 0°3744 0:0001— 


0°35 747 0°8694 0°3746 0:0001— 
0°35 =0°5513 0°3747 .. 0°8699 0°3748 0-0001 + 
0°35 0°2042 0°4746 0°2045 0-0003 + 
0°35 0°1875 04358 0°1878 0:0003 + 
75 -0°5513 0°3747 0°8705 0°3750 0°0003 + 
1°75 0°5510 0°3746 i 0°8707 0°3751 0°0005+ 


5 
5 
5 


The mean error of these seven determinations is 0-0002 
grm. +, lying between the extremes 0-0005 grm. + and 0-0001 
grm.—. In the first five of these determinations enough 
nitrite was employed to break up one and a half times the 
amount of iodide taken, if the action is supposed to go to the 
point of setting NO free. In the last two experiments, eight 
times the quantity of the nitrite theoretically thus called for was 
taken with no apparent change in the effect. 

That iodine may be removed with reasonable accuracy from 
mixtures of iodides and bromides without disturbing the bro- 
mine is evidently established ; and, inasmuch as the proportion 
in which the reagents are taken in the corresponding process 
for the separation of chlorine from iodine lie far within the 
limits found applicable to the bromine separation, it would be 
natural to suppose that in the presence of a chloride associated 
with the bromide the sum of the hydrobromie and hydrochloric 
acids would be given with exactness under the conditions suit- 


= 
3 0 
3 
3.0 
3 
3 0 
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able for the estimation of the former. We deemed it best, 
however, to submit this point to the test of experiment. The 
result substantiates the presumption. 


TABLE XIV. 


Error Error 
Error in caleu- calcu- 
silver lated as lated as 
salt. HBr HCl 


KCl 


AgCl+ AgBr 
Found 
AgCl+ AgBr 


Theory for 


3 grm.grm. grm., grm.  grm. grm. grm. grm. grm, 
0°5 0°35 0°5517 04981 1°8280 1°8262 0-0018— 0:0008— 0:0006— 
0°5 0°35 0°5511 0°49380 1°8268 1°'8253 0°0015— 0°0005— 0°0004— 


It is plain, in conclusion, that of the two methods which we 
have studied, though both are applicable to the separation of 
chlorine from iodine, but one is utilizable for the separation of 
bromine from iodine, and that under moditied conditions. With 
the necessary modifications, however, it is good, and easily ap- 
plied. It may be briefly summarized as follows: The neutral 
solution containing the bromide and iodide is diluted to 600 em* 
or 700 em* (instead of 400 em’, which was found to be a sufti- 
cient dilution in the case of the separation of chlorine from 
iodine), 1 em* to 1°5 em® of strong sulphuric acid, or, better, 
2em* to 3cm* of the mixture made by diluting the acid with an 
equal volume of water, (instead of 10 cm* of the 1:1 mixture 
employed in the chlorine separation), are added, a sufficient 
amount of pure sodium or potassium nitrite is introduced, (or, 
if it is preferred, the gas generated by the action of dilute sul- 
phurie acid upon the ordinary nitrite and introduced from the 
outside may be employed instead,) and the liquid is boiled, after 
trapping the flask as described, unti! the color has vanished and 
the escaping steam no longer gives to red litmus paper the color 
characteristic of iodine. The residual liquid is treated with an 
excess of silver nitrate, and the precipitated bromide filtered off, 
dried, and weighed. The process of boiling need not extend 
beyond a half hour, or a little more, and care should be taken 
that the volume of the liquid shall never be less than 500cm’. 
We have not dealt with quantities of the potassium bromide 
and iodide larger than 0°5 grm. each, approximately. The 
presence of 0°5 grm. of potassium chloride does not affect the 
sharpness of the separation. 
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Art. XVII.—Some Lower Silurian Graptolites from 
Northern Maine ; by W. W. Doves. 


EIGHT years ago I pointed out a newly found graptolite lo- 
eality in Penobseot County, Maine,* about seventy-five miles 
north of Bangor and twelve east of Mt. Katahdin. I have 
since obtained a few additional specimens there, and now re- 
port them for the evidence they give as to the age of the 
rocks in which they occur. 

The entire list of determinable forms before me is as fol- 
lows: 


Helicograptus gracilis Hall (sp.) 
Dicellograptus ? 
Diplograptus, n. sp. 
Cryptograptus marcidus Hall (sp.) 
5. Glossograptus spinulosus Hall (sp.) 
. Young graptolite. 


This is clearly a fraction of the Norman’s Kill assemblage 
of species. 

No. 1 is represented by a single specimen, incomplete but 
distinct and showing well the ‘peculiar proximal bar.’ It was 
taken from an extensive ledge that lies along the south bank 
of the Wassatiquoik, about a mile above the junction of that 
stream with the east branch of the Penobscot. Thin layers of 
graptolite-holding shale are separated by considerable thick- 
nesses Of highly siliceous slate that varies in color from olive- 
gray to deep blue-black. 

The specimens of No. 2 are too obscure for certain recog- 
nition even of the genus. The hydrothece are undistinguishable. 
The branches have the double curvature that in different de- 
grees is shown in several species of Dicellograptus, but they 
do not include an angle agreeing exactly with that assigned to 
any of the described species. 

he best specimen of Diplograptus yet obtained was found 
in 1881 north of the stream, in a free, angular piece of shale, 
and was then mentioned as J). pristis. It differs in some 
particulars from D. pristis His., as described by Tullberg.+ 

The free portion of the outer margin of its hydrothece is 
unusually long, equalling three-quarters of the width of the 
polypary, (13™™ : 22"™™). The specimen has fewer hydrothece 
in a given length of polypary than any described species, ¢ 


* This Journal, Dec., 1881, vol. xxii, p. 434. 

+ Bihang till Kongl. Svenska Vetenskaps-Akademiens Handlingar, Bd. vi, No. 
13, pp. 10, 11, taf. 1. . 

¢ D. peosta excepted, if necessary; description of which I have not been able 
to consult. For the uname, see Wisconsin Geological Report 1862, p. 430. 
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only sixteen in an inch, six in ten millimeters. D. longissimus 
Kurek * (Upper Silurian) has seven hydrothece in ten milli- 
meters; they overlap each other more than do those in the 
Maine specimen, and terminate differently. D. foliaceus 
Murch.,t+ has eighteen to thirty in an inch, and is wider. J. 
cuglyphus Lapw.,t for which a different marginal angle of 
the hydrothecz is stated, has eighteen to twenty-four. JD. 
rugosus Emmons § has twenty anda wider polypary. D. pris- 
tis has nine or ten in ten millimeters and has a small radicle. 

The Maine specimen agrees nearly with D. pristis and D. lon- 
gissimus in the angle between the outer margin of the hydro- 
thecz and the central line of the polypary. It has a radicle 
two millimeters long. 

The precise level at which this probably new species occurs 
relatively to the other specimens has not yet been ascertained. 

4. Graptolithus marcidus Hall, has been treated as identical 
with Cryptograptus tricornis Carr. (sp.). Prof. Hall’s figure 
shows no essential difference. C. tricornis has parallel lateral 
margins. In all distinct and entire specimens, from fifteen to 
forty millimeters long, that I have seen, from Hudson River 
valiey localities, there is well marked distal convergence of 
the margins. The convergence sometimes begins or becomes 
more rapid at a point distant perhaps six times the maximum 
width of the polypary from its proximal extremity, that is 
about one-half or one-third of its length, and thus is seldom 
conspicuous in the proximal half of the polypary. A slight 

roximal convergence also is frequently or usually noticeable. 

rof. Hall’s figure may represent a specimen which had lost 
part of its polypary. The few parallel-margined New York 
specimens that [ have seen are small (with pointed distal ex- 
tremity|) or imperfect. 

I think C. marcidus should be retained for the present. 

The Maine specimen is from the same piece of shale with 
the Diplograptus above mentioned (No. 3.) The slightness of 
the test characteristic in Cryptograptus makes the specimen in- 
conspicuous, but it is easily recognizable after the attention is 
directed to it. . 

5. The specimens of Glossograptus were obtained from the 
same ledge as No. 1, but from a higher layer of shale. They 
are very indistinct. The spines appear to be in number about 
ten on each side. The polypary, exclusive of the spines, is 

* Geol. For. i Stockholm Foérh., Bd. vi. Heft 7, p. 302, taf. 14, figs. 8, 9. 

+ Sil. Syst., Pl. xxvi. f. 3. Hopkinson and Lapworth in Quart. Journ. Geol. Soc. 
Lond. 1874, xxxi, p. 657. 

¢ Ann. and Mag. Nat. Hist., (5) v, p 166. 

§ American Geologist p. 105, Pl. 1. fig. 26. 

| Tullberg, op. cit., p. 10. 

Like fig. 17, Plate B, of Graptolites of the Quebec Group. 
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sixteen millimeters long and three or three and one-half wide. 
The spines are three millimeters long, directed somewhat dis- 
tally and a little reflexed. So far as the specimens can be 
made out, they agree well with Prof. Lapworth’s figure of the 
ventral aspect of G. Hinchsii Hopk. (sp.).* The species of 
this genus require revision, but its American representatives 
are not yet fully known. 

At the localities near Albany, beside a very abundant Glosso- 
graptus which is perhaps a small form of G@. c¢/éatus Emmons, 
there is an oddly irregular shaped form, that in some respects 
approaches G. pinguis Hopk. (sp.).+ Figure 16 of Plate B, 
Graptolites of the Quebec Group, seems to represent this peculiar 
graptolite in a spineless condition and small. 

No. 6 somewhat resembles Mr. Carruthers’ figure of the 
young form of Cryptograptus tricornis Carr. (sp.),t but is a 
little longer in proportion to its width, and the sides do not 
diverge quite so rapidly. I have no opinion to express as to 
its relations. 

The Graptolite compared in 1881 to Dicranograptus ramo- 
sus probably can not be identified. There is no Phyllograptus 
among my specimens. 

Cambridge, Mass. 


Art. XVIII.—Siderite-basins of the Hudson River Epoch ; 
by James P. Kimpatt. With Plate VI. 


THE Taconic region on the borders of western New Eng- 
land and eastern New York has ceased to be the debatable 
ground it once was, thanks to Prof. James D. Dana and to 
collaborators in special parts of the same field—notably, the 
late Rev. A. Wing on the limestone region of Vermont, Prof. 
W. B. Dwight in Dutchess County, N. Y., and the excellent 
work of C. D. Walcott. The unity of the limestones with the 
Calciferous, Chazy and Trenton formations, appearing in 
widely different aspects at intervals over this extensive area; 
the identity of its associated series of shales, grits, sandstones, 
ete., with metamorphic products like fissile slates, hydro-mieas, 
schists, quartzites, and even gneisses ; and the relations of part 
of the schists with the Hudson River group of strata have 


* Graptolites of County Down, Proc. Belfast Naturalists’ Field Club, 1876-7, 
Appendix IV, plate vi, fig. 24a. 

+ For the opportunity to study this and a number of other interesting grapto- 
lites, some of which will probably prove to be new or previously unknown in 
New York rocks, I am indebted to the kindness of Mr. Charles Schuchert. 

¢ Trans. Roy. Phys. Soc. Edinburgh, 1858, p. 468, ‘fig. 2; Annals and Mag. Nat. 
Hist. (3), iii, p. 25; Geol. Mag. 1868, V, Plate V, fig. 110. 
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been set forth by Professor Dana in a remarkable series of 
memoirs contained in this Journal from the years 1873 to 
1888, inclusive. The recent work by C. D. Walcott, toward 
locating the Cambrian and other points has removed all re- 
maining doubts as to the general age of the rocks. 

The association with the same strata of siderite or clay iron- 
stone, or, as more widely distributed, residues im situ of its 
weathering decomposition, has also been pointed out with ref- 
erence to the geographical and stratigraphical occurrence of 
limonite beds throughout the same region. 

A recent study of the iron-ore bodies in course of very 
active and systematic development by the Hudson River Ore 
and Iron Company since the year 1875 at Burden, Columbia 
County, N. Y., affords a number of interesting facts not unim- 
portant in their bearing on the still rather obscure structural 
geology of the western margin of the Taconic area extending 
to the Hudson River, and indeed on the geology of the whole 
Taconic belt. 

Sections from the river to the vicinity of Johnstown, on 
the New York and Albany turnpike, traverse the Hudson 
River shales to the base of the heavy body of fissile slates cov- 
ering the western foot-hills of the Taconic range, with fine 
exposures by excavations and diamond drill of the intervening 
caleareous grits and ferriferous limestone beds, including in 
places basins of siderite in unaltered form. The stratigraph- 
ical relations of at least this horizon of iron ore are easily 
established. The probability of its unity with a definite hor- 
izon of other well known occurrences of ferriferous material in 
altered or weathered form in numerous parts of the develop- 
ment of the same xeries of strata is indicated by several 
circumstances, such as appertain to an expansive bottom 
whether littoral or marine. 

The iron-ore basins referred to are about a mile east of the 
Hudson, between Catskill and Germantown railway stations, a 
few degrees north of west from Copake, or directly opposite 
that point in a line, that is, at right angles to longitudinal 
axes of flexure in this part of the Appalachian system. The 
intervening ground is occupied by a series of minor folds 
whose longitudinal axes conform to the parallelism of the 
same system. The ore-basins, four in number, constitute a 
chain. Their longer axes are likewise parallel to the trend of 
the Taconic and Catskill ranges. All but the first or most 
southerly basin, and the terminal southern part of the second 
or next basin to the north, have been folded and elevated into 
anticlinals whose western and middle zones have been com- 

letely eroded to give place to the bed and terraces of the 
Hudson. With the exception noted, the parts of the basins 
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still preserved are in monoclinal dips to the east, and expire 
under cover by attenuation. The broken or basset edges of the 
ore-beds outcrop on the west slope and near the crest of a line 
of prominent ridges, the first from the river, known as Mt. 
Thomas, Cedar Hill and Plass Hill. The several basins have 
thus been: elevated into what previous to the sculpturing of 
the immediate valley of the Hudson was a range of anticlinals 
of which the remnants are still prominent landmarks. The 
thickness of the ore-beds along the escarpment formed by this 
outcrop varies according to the relations of the line of obliter- 
ative erosion with different sections of lenticular bodies, as 
well as to the expanse and depth of the original basins of 
deposit. For all are distinctly lenticular in shape when 
referred to their uneroded condition, and considered as rem- 
nants of a whole which corresponded each to a cast of its 
original basin. The disrupted edge of the ore-body of the 
second basin (in order from south to north), in the crest of 
Mt. Thomas is near 600 feet above the river and about 44 feet 
in maximum thickness. Similar escarpments in the third or 
Cedar Hill basin expose a thickness of 30 feet of ore, and in 
the fourth or Plass Hill basin, 8 feet. The thickness of the 
filling of each basin is proportional to its original expanse 
approximately determined by a horizontal projection of the 
anticlinal arch. The first, a small basin, is wholly submerged 
though at a shallow depth. This has been partially exhibited 
by excavations along its upturned edge, and its extent deter- 
mined by diamond drill. Though bodily lifted upon the 
flanks of an anticlinal, mostly eroded, this ore-body preserves 
the configuration of a basin and, like all the basins, is faulted 
and thrown in minor degree. It has entirely escaped erosion. 

The floor of all the basins is gray argillyte weathering into 
brown shales, of Hudson River age, according to the earlier 
views of Prof. W. W. Mather and Prof. James Hall, sustained 
by Mr. T. Nelson Dale’s discovery of fossils of that group in 
the same formation near Poughkeepsie.* This is the lower- 
most formation brought to the surface in this part of the 
Hudson River valley, and forms the beds of that river and of 
the lower parts of its eastern affluents in Columbia County. 
It was penetrated in boring No. 1 to a depth of 662 feet, from 
an elevation 222 feet above the river, the total depth of this 
boring being 987 feet. Overlying conformably the Hudson 
River shales is a thin belt of limestone intercalated with argil- 
laceous shales, and continuous with caleareous grits, forming 
the roof of the ore-basins. Numerous sections of this within 
the compass of the first and second basins have been obtained 
by use of the diamond drill. 


* This Journal, xvii, 1879, p. 377. 
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These show a greatly expanded but variable thickness as 
well as an increased variety in the composition of the sedi- 
ments, all of which are transitional, that is, both calcareous 
and ferriferous. The same belt is brought to the surface 
farther east by bosses and anticlinals, in one case reversed. A 
line of low bluffs has been sculptured from the same range of 
elevations 1:14 miles east of Mt. Thomas. The local sections 
referred to, compassing near 1300 feet of strata, including the 
siderite basins, may be concisely presented as follows: 


Maximum thickness. 


Dense fissile slate at base of Taconic hills. Probable equivalent of 
metamorphic (hydro-mica) slates further east. Weathering white. + 200 ft. 


Brecciated ferro-calcareous 161 
Ferro-calcareous sandstones, passing into conglomerate. 120 
Aphanitic black argillyte, intercalated with arenaceous shale 50 
Ferro-calcareous grits, seamed with calcite... 48 
Siderite: clay-ironstone, passing into sub-crystalline spathic carbonate 4d 
Gray argillyte, weathering into drab shale. Bluffs of east bank of 


The grits capping the ore-basins merge into thin-bedded 
limestone in the intervals between the basins, as well shown on 
the line of their axes along a stretch of low bluffs continuous 
with the Mt. Thomas and Cedar Hill ore-escarpments. The 
contact of the limestone with the underlying shales or floor of the 
ore-basins, is in these intervals close and barren. The contact, 
similarly exhibited in the second or eastern range of exposed 
bosses and anticlinals, is likewise close and barren, but the cal- 
careous grits still prevail instead of thin-bedded limestone, as if 
the marine currents intermittently supplying the coarser grits 
had an easterly course. Overlying grits and limestone the mem- 
bers are of the character of hydrous fissile slates. These form the 
surface east of the monoclinals which elevate the ore-basins, their 
first appearance east of the Hudson being at the base of the first 
range of monoclinal hills. These slates, probably representing 
the hydro-mica slates of the metamorphic area to the east are 
very persistent, especially in the foot-hills of the Taconic 
mountains where their great massiveness may be partially due 
to replication, reverse dips or overthrown anticlinals occurring 
even west of Johnstown, as shown by inferior strata. 

The correlations of this fragment of Lower Silurian geology 
are distinctly with the same field of structural and stratigraph- 
ical work described by Prof. Dana in the memoir already 
cited. The series of strata here described are probably all of 
the Hudson River epoch, and little altered by metamorphism, 
though on the western border of the Taconic area. 

The ore-basins themselves are not without remarkable char- 
acteristics. They may be described as a series of beds of 
clay-ironstone intercalated with mechanical sediments, all 
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more or less calcareous as well as ferruginous. While, on the 
one hand, in the southern portion of the second basin well 
under cover, the iron-stone has been metamorphosed into 
sub-erystalline spathic siderite, weathering decomposition, on 
the other hand, has wrought the partial alteration of all 
exposed parts of the beds into limonite. Metamorphism of 
amorphous ferrous carbonate into spathic siderite appears to 
be due to the unimpeded crystallization of such parts of the 
deposits as were the freest from siliceous admixtures in the 
form of mechanical sediments. That this has resulted from a 
condition of exceptional purity is well shown by numerous 
analyses as well as by the fact of the absence of crystallization 
from parts of the deposits richer in siliceous matter. All the 
familiar phenomena of alteration of iron-stone into limonite 
are well exhibited in weathered parts of all the basins, espe- 
cially exfoliation of hydrous ferric oxide with the elimination 
of silex and clay. These insoluble residuums are scmetimes 
preserved én setu as contents of drusy cavities. 

This remarkable series of ore-basins seem to owe their origin 
to depressions on an in-shore mud bottom fed by waters from 
decomposing basic rocks. From such waters ferric oxide was 
precipitated along with mechanical sediments from the land 
and calcareous sediments from the sea. Currents and occa- 
sional perturbations introduced detritus, while vegetable and 
animal life found conditions favorable for existence in degree 
inversely to the predominance of ferric precipitate. This is 
indicated by the presence in the ore of phosphoric acid in 
inverse ratio to the proportion of iron, the metamorphic or 
spathic ore of the southern part of the second basin alone 
being below the Bessemer limit in phosphorus, and up to the 
shipping standard in units of iron. Sabioeninns of the basins 
by rapid accumulation of sediments, and probably also by sub- 
sidence below the range of atmospheric action was followed 
by decay of buried organic matter attended by reduction of 
ferric to ferrous oxide, Whence ferrous carbonate in the pres- 
ence of carbonic acid and absence of atmospheric oxidation. 
To some extent, also, carbonate of lime has probably been 
replaced by carbonate of iron. 

Senft’s theory of the formation of argillaceous iron-ores 
through saturation of sedimentary beds with ferrous bi-car- 
bonate, and the formation away from atmospheric oxidation of 
insoluble ferrous carbonate, while perhaps adequate to explain 
certain occurrences of thin deposits and alternations of clay 
iron-stone, notably in the coal measures, in circumstances of 
emergence, fails to satisfactorily account for its formation on 
a large scale under conditions distinetly pointing to submer- 
gence. 
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The following analyses of unaltered ores of both types, after 
calcination, are selected from the company’s file of numerous 
commercial analyses: I, spathic siderite from No. 2 mine, by 
Mr. A. S. Bertolet, of Crown Point; II, iron-stone from Mt. 
Thomas, both from different parts of the second basin: 


IL. 

99°96 99°75 


The low proportion of alumina in contrast with the large 
proportion of magnesia will not fail to be noticed. This is 
remarkable throughout the whole series of analyses. The 
detrital derivation of the earthy admixtures from basic—nota- 
bly hornblendic rocks as prevailing in the Archean highlands— 
need scarcely be pointed out in explanation of this peculiarity 
of these unaltered paleozoic iron-stones. 


Washington, 26th April, 1890. 


Art. XIX.—On a new variety of Zine Sulphide from Chero- 
kee County, Kansas; by JAMES D. ROBERTSON. 


A NEW and peculiar sulphide of zine was found in south- 
eastern Kansas a short time since, remarkable from the fact 
that it is nearly pure white and completely amorphous. 

This singular mineral is found on the Moll Tract in the 
center of the town of Galena, Cherokee County, Kansas. The 
ore body, which is reached by a shaft about 90 feet in depth, 
consists of zine blende with some large crystals of galena dis- 
tributed through it. It is about 25 feet wide, 20 feet high, 
and 100 feet long, so far as explored. The blende has under- 
gone much decomposition from the action of surface waters, 
the sulphide oxidizing to sulphate and being completely re- 
moved in solution. Thus no calamine or smithsonite are 
formed and the siliceous gangue rock remains, a cellular mass, 
showing casts of the dissolved blende crystals. In the center 
of the ore body and surrounded on all sides by partially 
decomposed ore, is a flat opening three to four feet wide, six 
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inches to a foot in height and filled completely with the white 
zine sulphide. When taken from the mine this substance is 
soft, full of water, and resembles in appearance and con- 
sistency white lead ground in oil. It has a very slight reddish 
east, probably from a little ferric oxide. Some red tallow 
clays overlie the deposit. In a shaft about 250 feet distant, 
near the same level, a much larger body has been exposed in 
the floor of the workings. This mass of sulphide of zine has 
not been developed but is at least four feet in thickness and 
extends for a distance of thirty feet. Evidences point to 
quite an extensive body of this peculiar ore of zine in this 
mine. 

An analysis made by the St. Louis Sampling and Testing 
Works shows the following composition on the dried sample: 


Insoluble matter 


Sulphur 
Ferric oxide 


The water which was contained in the original sample bot- 
tled on the ground showed a slight amount of sulphuric acid. 
This sulphide was evidently formed since the deposi- 
tion of the ore by the precipitation of the sulphate of zine, 


resulting from the oxidation of ordinary blende by sulphu- 
reted hydrogen or an alkaline sulphide. No odor of sulphu- 
reted hydrogen was perceptible in the mine nor was any 
found in the water which saturated this sulphide of zine. 
This mineral has never, it is believed, been met with before, 
the conditions which would thus imitate the reactions of the 
laboratory not being common in nature. 


Art. XX.—Two new Meteoric Irons; by F. P. VENABLE. 
1. From Rockingham County, N. C. 


THIS mass was reported to have fallen about the year 1846, 
near the old ‘* Mansion House,” Deep Springs Farm in Rock- 
ingham Co., N.C. One of the old negro servants related to 
Mr. Lindsay, the present owner of the farm, that “the rock 
fell on a clear morning and struck the ground about a hundred 
yards back of the garden. It frightened every one very much. 
Col. Jas. Seales, the owner of the farm at that time, and Mr. 
Dillard took a man and went to the spot and dug in about four 
or five feet and got it out.” It lay about the house as a curi- 
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osity for several years when it ceased to be of any more inter- 
est and was thrown aside. After Mr. T. B. Lindsay bought 
the farm, he kept the meteoric mass for several years upon 
his porch. In the fall of 1889 he presented it to the State 
Museum. The indentation in the earth where it is reported 
to have struck is still pointed out. 

The weight of the mass was 11°5 kilos. It had somewhat 
the outline of a rhomboid, measuring 270™ x 210™ (ex- 
tremes) and having a thickness which varied from 10 to 70™". 
It is coated with oxidation products to a depth, in places of 
several millimeters. ‘These give the whole mass a dull reddish 
brown color. The surface is irregularly pitted with broad, 
shallow pits. It is somewhat concave on one side. On being 

olished and etched it gave faintly the Widmanstiitten figures. 
t belongs to the class of sweating meteorites, beads of de- 
liquesced ferric chloride appearing on the surface. This law- 
rencite, so-called, is evidently unevenly distributed through the 
mass. Analyses from different portions gave different amounts 
of chlorine. In one boring it was noticed that the metal near 
the surface (within 2) gave a decided percentage of chlorine, 
while that coming from the deeper part of the drill hole (8-5 
. from surface) gave no appreciable amount of chlorine. 
The analysis gave: 
Fe 87:01, P 0°04, SiO, 0°53, Cl 0°39, Ni 11°69, Co 0°79=100°45 


2. From Henry County, Va. 


This meteoric iron was found by Nathaniel Murphy in 
H Henry County, Va., about four miles from the Pittsylvania 
County line, and one-half mile north of the dividing line 
between North Carolina and Virginia, near to Smith River. 
Murphy found the stone in a ploughed field in the latter part 
of the spring of 1889. He gave it to Col. J. Turner Morehead 
of Leaksville, N.C. Together with Col. Morehead he searched 
: over the farm, but could find nothing similar to this piece. 


Col. Morehead sent the mass to Dr. H. B. Battle of Raleigh, 
N.C. It weighed 1°7 kilos and the detached pieces, mainly 
crust, weighed 0°22 kilos. This crust broke off along certain 
lines by a sort of cleavage, and the main mass is permeated 
with cracks, not irregular and zig-zag, but as distinct and 
regular, almost, as if it were a piece of crystallized gypsum. 
This cleavage is in two directions. The lamine vary in thick- 
ness, but many are about $™™. The color of the surface is 
dark bluish-black mixed with much red-rust coming from the 
lawrencite. Parts of the soil apparently still clung to the mass. 
It measured 60x 70X75™™ taking the greatest lengths in the 
three directions. Here and there spots were to be seen with 
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bright silvery sheen. It contains a good deal of ferric chloride 
and is rapidly crumbling. On polishing down one of the sides, 
the Widmanstiitten figures (coarse) came out very plainly, no 
etching being necessary. 

The analysis gave: 

Fe 90°54, Cl 0°35, SiO, 0°04, P 0°13, Co 0:94, Ni 7°70=99°70 

University of North Carolina, May, 1890. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHysICcs. 


1. On the Nature of Solutions.—PiIcKERING has continued his 
investigations on the nature of solutions and now gives the re- 
sults as deduced from the freezing point of sulphuric acid solu- 
tions. The following are his conclusions: “The freezing points 
of solutions of sulphuric acid form four separate figures, each of 
which represents the crystallization of a different substance. In 
the case where water crystallizes out, the figure consists of a 
single branch curve, whereas in the cases where the tetrahydrate, 
the monohydrate and anhydrous sulphuric acid crystallize out, 
each figure consists of two curves rising up and meeting at points 
corresponding with the composition of the substance crystallizing 
in each case respectively. The tetrahydrate as a solid, is a new 
hydrate melting at —25°, its existence in solution having been pre- 
viously established. Irregularities and sudden changes of curva- 
ture are found in the figures. These changes occur at the same 
points as those noticed in the case of the densities, heat-capacity, 
heat of dissolution, expansion by heat, and electric conductivity.* 
Of the seventeen hydrates indicated by the last-named proper- 
ties, everyone has received further confirmation from the present 
work where such confirmation was possible (in thirteen cases) ; 
in addition to which, three others have been recognized (two of 
which were, however, suggested by the previous work), thus 
raising the total to twenty. Sudden changes at H,SO, and at 
about 36H,SO,SO, have also been established. The freezing 
point diagram shows that the existence of a definite hydrate may 
be marked by an indubitable change of curvature at the point 
corresponding to its composition (e. g., H,SO,(H,O), and H,SO,). 
Many of the changes are sufficiently marked to be evident with- 
out the aid of differentiation. The constituent portions of the 
various figures are probably not parabolic. The changes at the 
extreme end of the water-curves, with solutions containing less 
than H,SO, to 100 H,O, are of considerable magnitude. The 
figure here instead of being made up of one straight line, is made 
up of several straight lines, the last change observed occurring 


* Noticed in the May number of this Journal. 
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with solutions as weak as 0°07 per cent H,SO,, or 0°0125 H,SO, 
to 100 H,O. The molecular depression shown, even in this ex- 
treme region, instead of being constant as it should be according 
to the theory of osmotic pressure, varies between 2°95° and 2°1°. 
The molecular depression in the various curves ranges from 0°01° 
to 2°95° according to the nature of the solvent and that of the 
dissolved substance, these numbers referring only to solutions 
containing not more than one foreign molecule to 100 solvent 
molecules. In no two cases out of the seven investigated does it 
possess the same value. In every case an increase in the strength 
of the solution beyond this proportion entails an abnormally low 
freezing point. According to all existing physical theories of 
solution the freezing points of such solutions should be abnor- 
mally high.”—J. Chem. Soc., lvii, 331, May, 1890. G. F. B. 

2. On the Molecular-Mass of Iodine, of Phosphorus, and of 
Sulphur in Solution.—BrcKMANN has applied his method of de- 
termining the molecular mass of a substance by means of the ele- 
vation which it produces in the boiling point of a solvent, to the 
cases of iodine, of sulphur and of phosphorus, dissolved in carbon 
disulphide, and to that of iodine in ether. The molecular eleva- 
tion of the boiling point in the case of carbon disulphide using 
100 grams was 23°75° and referred to 100 c. c. was 19°43°. In the 
case of ether the molecular elevation was, for 100 grams 21:05°, 
and for 100 ¢. c. 30°21°. As a result it appeared that the molecu- 
lar mass of iodine, in solution both in ether and in carbon disul- 
phide, is 254 very nearly ; corresponding to the formula I,. The 
molecular mass of phosphorus in carbon disulphide is 124, cor- 
responding to the formula P,; and that of sulphur in the same 
solvent is 256, corresponding to S,.—Zeitschr. Physik. Chem., v, 76, 
February, 1890. G. F. B. 

3. On the conditions of Equilibrium between Electrolytes.— 
ARRHENIUS has compared the experimental conditions of equilib- 
rium in solutions with those pointed out by theory. In the case 
of am acid and one of its salts, if # represents the fraction of dis- 
sociated acid and d the amount of the salt, V being the volume 
in liters containing one gram molecule of the acid and n mole- 
cules of the salt, then (xd+a)ez=KV(1—2), K being a con- 
stant of dissociation determinable from the conductivity of the 
acid. This equation is found to hold in the case of acetic and 
formic acids and their sodium salts. Since for feeble acids a is 
small, and may be neglected in comparison with xd or 1, and 
since d@ is practically independent of the dilution, it follows that 
the degree of dissociation, that is, the strength of a feeble acid 
when a salt is present in the same solution, is proportional to the 
amount of the salt. Between a feeble acid such as acetic, and a 
salt such as sodium chloride, the equilibrium is that between four 
substances, not only the two mentioned, but also the sodium 
acetate and hydrogen chloride resulting from their reaction. If 
the fractional dissociation of these substances in the order named 
be expressed by d, d,d,d,, and one molecule of acetic acid on 
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being brought into contact with » molecules of sodium chloride 
produces « molecules of hydrogen chloride and sodium acetate, 
then d,x dw=d, (l—x) d, (n—«); a result agreeing with that 
given by experiment. The author shows that it is possible to 
deduce from this equation a value for the so-called “ avidity ” 
measured by Thomsen and Ostwald, and he finds that for mono- 
basic acids, the avidities for any given dilution are approximately 
proportional to the degrees of dissociation of the acids at this 
dilution. This conclusion agrees with Ostwald’s results. The 
author also points out that the theory of Guldburg and Waage is 
applicable only to equilibrium between four electrolytes, when 
two of them are strongly dissociated ; and further that one of 
the conclusions of this theory, that the avidities of acids are pro- 
portioned to the square roots of their aftinity-coefficients, is incor- 
rect. Since the decomposition of certain salts by water, ob- 
served by Walker to follow the ordinary laws of mass action, 
takes place in accordance with the equation given above, it seems 
necessary to assume that water is an electrolyte and is partially 
dissociated.—Zeitschr. Physik. Chem., v, 1, Feb., 1890; J. Ch. 
Soc., lviii, 437, May, 1890. G. F. B. 

4, Coincidences between lines of different spectra.—Professor 
Runce of the Technical High School in Hanover examines meth- 
ods given by various authors for discriminating real from acci- 
dental coincidences between the lines of different spectra, and 
applies the result of his own analysis to Griinwald’s speculation 
on the composition of the elements. It will be remembered that 
Griinwald believed that his hypothesis was most strongly sup- 
ported by the agreement between the wave-lengths of the lines 
in the spectrum of water, as deduced by him from those of the 
hydrogen spectrum, and their values as obtained by observation. 
Professor Runge, however, finds that the distribution of differ- 
ences is in perfect accordance with the one expected for an equal 
number of wave-lengths chosen at random. ‘The distribution of 
differences gives no more reason to believe the coincidences real 
“than to believe in a connection between the mantissas of log sin, 
and the spectrum of water.”— Phil. Mag., June, 1890, pp. 462- 
466. J. T. 

5. Hertz’s experiments.—L. Bottzman shows the experiments 
of Hertz to a large audience, even when the primary circuit is at 
a distance of 8°7 meters from the secondary circuit, by making 
the minute sparks in the secondary circuit connect the pole of a 
battery with an electroscope. As long as no spark passed be- 
tween the terminals of the secondary circuit, the electroscope 
remained uncharged by the battery. When the circuits were 
36°8 meters apart, it was estimated that the length of the sec- 
ondary spark was =j5, of a millimeter. The method employed by 
Boltzman serves also to examine interference phenomena.—Anz. 
der Physik und Chemie, No. 6, 1890, p. 399. J. T. 

6. Stationary light waves. — Otro WirNner, by the employ- 
ment of a peculiar photographic process, has succeeded in show- 
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ing the existence of stationary light waves, analogous to the 
sound waves shown in Kundt’s ‘experiment. The author has also 
endeavored by his method to settle the question of the direction 
of the vibration of light with respect to the plane of polarization, 
and believes that his experiments show that these vibrations take 
place perpendicular to this plane. He also shows that the chemi- 
cally active vibrations and the electrical vibrations are in the 
same plane. In other words, the chemical action of the light rays 
is joined to the vibrations of electrical force and not to those of 
magnetic force.—Ann. der Physik und Chemie, No. 6; 1890, pp. 
203— 243, J. T. 

7. Electrical Oscillations in air,—Recent experiments in the 
Jefferson Physical Laboratory of Harvard University, conducted 
by Jonn TrowserinGeE and W. C, Sasine, show that the medium 
of the dielectric exerts a marked effect upon electrical surgings 
or oscillations. The spark from a large air condenser was 
analyzed by a rapidly revolving mirror and the oscillations 
photographed. A marked periodicity in the time of the electrical 
waves was discovered when the air condenser was employed. 
When a glass condenser was substituted for the air condenser the 
periodicity became less marked. The glass evidently could not 
recover from the initial strain in time to interfere with the recur- 
ring electrical oscillations, In the case of air, however, the partial 
recovery from each electrical wave served to modify the time of 
the latter. The work of the authors shows that for rapid charges 
and discharges of an air condenser the factor expressing the 
capacity is a periodic function, the value of which depends upon 
the state of strain of the air.— Proceedings of the American 
Academy of Arts and Sciences, May 18, 1890, pp. 109-122. 4. T. 


II. GroLtocy AND MINERALOGY. 


1. The American Committee or the International Congress 
of Geologists—In the February number of the American Geolo- 
gist (vol. v, No. 2), p. 125, is a report of a meeting of the 
“ American Committee of the International Congress of Geolo- 
gists” held in New York Dec. 26, 1889. What is meant by the 
name is the Standing Committee of the American Association on 
the International Congress. As there is now an American Com- 
mittee of the International Congress which is known in the 
French language of the Congress as the American “Comité 
Organisation, % and is recognized as such by the London Bureau 
of the Congress, and as it is necessary for this committee to act 
in its official capacity as the American Committee of the Con- 
gress in organizing the American Session, I beg to call attention 
to the misuse of the name by the Committee of the American 
Association. 

There are three committees in America which have to do with 
the International Congress of Geologists, and as several gentle- 
men are members of all three of the committees, care is neces- 
sary not to confuse them in their official capacities. 
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The “Comité Fondateur,” or founding committee, was ap- 
pointed by the American Association for the Advancement of 
Science in 1876. It was composed as follows: James Hall, presi- 
dent; T. Sterry Hunt, secretary; W. B. Rogers, J. W. Dawson, 
J. 8. New berry, C. H. Hitchcock, R. Pumpelly, 7 & Huxley, 
Otto Torrell, E. H. de Baumhauer. To the committee were 
added in 1877 the names of J. P. Lesley and A. C. Ramsay. 

This committee performed its function of inaugurating the first 
session of the Congress of Geologists at Paris in 1878, by which 
it was given a place of honor-as ex officio a part of the Bureau, 
and was called “ Comité Fundateur de Philadelphie.” The Amer- 
ican representatives now living are Messrs. Hall, Hunt, Dawson, 
Newberry, Hitchcock, Pumpelly and Lesley. As a committee of 
the American Association it reported in 1879. In this year also 
the names of G. H. Cooke, J. D. Dana and Clarence King were 
added, and the European names on the list were dropped. 

In 1880, the committee was formally discharged, as stated in 
the Proceedings of the Association for that year, vol. xxix, p. 748. 

In the Proceedings for 1881, no mention is made of any com- 
mittee on the International Congress. 

In the volume of the Proceedings for 1882, the following entry 
appears in the report of the general secretary, Proc. vol. xxx1, 
p. 634; 

“Dr. T. Sterry Hunt made a statement in reference to the Inter- 
national Geological Committee, of which Professors Hall, Selwyn, 
Lesley, and himself had been appointed representatives from 
North America. Several months ago a report was prepared by 
them. The work was not yet completed, and, on the recommen- 
dation of the standing committee, he moved ‘that the committee 
be continued. The motion w as seconded by Professor Hall and 
the committee was continued.” On page xviii of the same 
volume, among the special Dna, of the Association under 
the title ‘Committee on the International Congress of Geolo- 
gists” are printed the names of the American members of the 
committee appointed in 1876. 

The “International Committee” named above, in Mr. Hunt’s 
statement can refer only to the “International Committee on 
Cartography” and on “Classification and Nomenclature,” ap- 
pointed by the Congress. The Association had no power either to 
continue or discontinue them. Moreover, it was not the committee 
appointed by the American Association in 1876 to organize the 
Congress, for that committee had already performed its function, 
reported, "and been formally discharged. 

The committee, thus irregularly established, has been continued 
year by year by the Association. In 1884, G. H. Cook, E. D. 
Cope, J. W. Powell, E. A. Smith and J. J. Stevenson were added. 
In 1885 Persifor Frazer, N.H. Winchell and H. S. Williams were 
added. In 1889, the committee itself elected C. D. Walcott, 
Wm. B. Scott and Robert Bell to fill vacancies made by the 
death of G. H. Cook and the resignation of J. W. Dawson and 
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J. W. Powell. So that this special committee of the American 
Association “on the International Congress of Geologists,’ now 
consists of James Hall, J. S. Newberry, T. Sterry Hunt, C. H. 
Hitchcock, Raphael Pumpelly, J. P. Lesley and the names added 
as above. Its officers are James Hall, chairman; Persifor Frazer, 
secretary ; and C. H. Hitchcock, treasurer. 

The third committee is the Committee of the International 
Congress, appointed by the council of the London meeting of the 
Geological Congress to organize an American Session of the 
Congress, and is technically known as the American “Comité 
d’Organisation,” or Committee of Organization. And it is the 
only American Committee of the Congress. It is composed of the 
following gentlemen : 

Messrs. Branner, Chamberlin, Cope, Dana, Davis, Dutton, 
Frazer, Gilbert, Hague, Hall, Heilprin, Hitchcock, Hunt, Le 
Conte, Leidy, Lesley, Marsh, Newberry, Powell, Procter, Shaler, 
Stevenson, Walcott, Whitfield, Winchell and Williams. 

Its officers are J.'S. New berry, chairman; G. K. Gilbert, vice- 
chairman; and H. 8. Ww illiams, secretary. H. 8S. W. 

2. Professor Wu. M. Fontaine on the Potomac or Younger 
Mesozoic Flora.—This new volume of the U. 8. Geological Survey 
has been mentioned with high commendation by Mr. Lester F. 
Ward, in the last volume of this Journal. Professor Fontaine 
closes the volume of 377 pages, with an extended and thorough 
comparison of the genera and species of the Potomac flora with 
those elsewhere of the Jura-Trias and Cretaceous periods, and 
ends with thirty pages of tables, twenty of which are a further 
exhibition of these relations. We cite the last page preceding 
the tables, presenting Professor Fontaine’s conclusions from the 
plants as to the age of the Potomac deposits. 

“Taken as a whole, then, and compared with the Cenomanian 
flora of the Dakota and New Jersey Cretaceous strata, the angi- 
osperms of the Potomac decidedly point to the Neocomian as the 
age of the Potomac beds. 

“From this brief review of the flora,we see that there is in it a 
very large and important element that belongs to the Jurassic or 
typical Mesozoic flora; a less important but still large element, 
that has near relations in Cenomanian and even living forms; 
while the largest, most fully developed and characteristic element 
is most nearly allied to forms distinguishing the Neocomian. All 
the important species common to the Potomac and the floras of 
known formations are found in the Neocomian, including under 
this name both the Wealden and Urgonian. If any additional 
evidence were needed of the Neocomian age of the Potomac, it 
may be found in the peculiar union of old ‘and new types, whose 
evidence, if we consider them by themselves, is contradictory. 
Schenk, in Die Foss. Pflanz. der Werns. Schichten, page 29, in 
speaking of the character of the Neocomian flora of the Werns- 
dorf beds, well says that the flora of the older Cretaceous occupies 
in the development of the plant kingdom a position similar to that 
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of the Trias, for the forms characteristic of two great periods of 
development meet in it; that is, the survivors of the past period 
a and the new forms of the approaching one (Tertiary). 

his being true, we should expect to find in any large collection 
of Neocomian plants a great mingling of types. We should find 
the survivors of the old floras and the newly arrived precursors 
of the more recent ones mingled with a number that attain their 
development in and are peculiar to the Neocomian. This is 
exactly what we find to be true of the Potomac flora. That so 
many of these plants are new is perhaps to be explained, in 
part at least, by the fact already mentioned, that the flora of this 
epoch is very poorly represented and comparatively but little 
known. It is not possible to say positively to what precise epoch 
of the Neocomian the Potomac belongs. Its flora ranges from 
the Wealden through the Urgonian, and probably includes some 
Cenomanian forms.” 

3. Eruption of Bandai-san. Transactions of the Seismologi- 
cal Society of Japan, vol. xiii, Part ii.—-We have here a republica- 
tion of the paper of Sexrya and Kixucui (noticed in a former 
volume) on the remarkable eruption of Bandai-san in 1888, with its 
plates, and also an important paper on the same subject by C. G. 

<norr and C. Micuir Smitu. A point of general interest in the 
observations discussed in the second paper relates to the condition 
of the forests, especially those south and southeast of the place 
of eruption. It is stated that the forests were subjected “not 
merely to a hurricane of wind, but also to a fierce cannonading of 
stones of all sizes from the tiniest grains to huge blocks.” “The 
cloud of stones, largely unchecked, in their on-rush, shot over the 
ridge and down the steep slopes till the smaller gradients and 
their own accumulation brought them to a stand.” “That much 
ot it was launched horizontally so as to graze the surfaces of the 
ridge and high level slopes is demonstrated by the nature of the 
damage done to the trees.” “To get some idea as to the heaviness 
of this bombardment we counted the separate cuts and bruises on 
the quarter of a square foot of the surface of a battered tree, 
selected as a representative one; a careful count gave 75,” or 
“300 missiles to the square foot.” ‘There is no reason to sup- 
pose that the vertical projection was denser than the horizontal ; 
on the contrary, there are good reasons for supposing that the 
horizontal was the gréater;” in other words, “the amount pro- 
jected at lower inclinations than 45° far exceeded the amount pro- 
jected at higher angles.” ‘ As regards the larger fragments the 
outburst was confined to inclinations less than 30° to the horizon- 
tal.” These facts seem to make it an explosive eruption in which 
the explosion took place high up in the mountain. The mountain 
had not been in eruption for 1000 years and had lost much of its 
breadth in the meantime by erosion. The eruption was without 
the medium in any way, according to Kikuchi (which is undis- 
puted in the second paper), of liquid lavas. 


” 


170 Scientific Intelligence. 


The authors discuss also the force and velocity of falling 
masses, taking as data the accepted Gunnery tables, and make 
out that, owing to the resistance of the atmosphere, a velocity of 
about 720 feet a second is the greatest attainable by a rough flat - 
sided rock, a square yard in section, and nearly 4000 Ibs. in mass ; 
“such a mass projected from a height of 8000 feet above the sea- 
level, with a vertical speed of 8500 feet per second, will reach a 
height of 24,500 feet above the sea-level; and it will return to the 
earth from that height with a speed of 720 feet per second, which 
speed it will nearly have attained after it has fallen about half 
this height.” The object of the calculation was to prove that the 
numerous deep cylindrical holes in the ground were not made by 
the falling of stones (a view presented in a paper by Mr. Odlum) 
but to some other cause, probably the uprooting of trees. J. D. D. 

4. Die Mineralien der Syenitpegmatitgdinge der Siidnorvegis- 
chen Augit- und Nephelinsyenite ; by W. C. Brigerr, 235 and 
663 pp., with 27 plates and 2 geological charts. Leipzig, 1890— 
Zeitschrift fiir Krystallographie und Mineralogie, vol. xvi (Wm. 
Engelmann).—It would be difficult to find in the whole range of 
mineralogical literature another monograph of such exhaustive 
thoroughness, so rich in new facts and descriptions of new species 
and devoted toa region of such unique interest as this weighty 
volume by Professor Brégger. The reader is impressed more 
and more ashe turns over the pages with the vast amount of 
labor here expended and the rich results which the author has 
attained. It is impossible here to do more than indicate in the 
briefest manner the scope of the work. It is divided into a 
general and a special part. The first part (235 pp.) takes up the 
geological relations of the pegmatite veins of the Christiania 
region, giving a general survey of the geology with the 
several types of eruptive rocks here developed; this is followed 
by an account of the geology of the syenite and nephelite-syenite 
veins of the special region under examination, namely that be- 
tween the Christiania and Langesund fjords. This region has 
long figured, somewhat inaccurately, in mineralogical text-books 
under the name of Brevig, a place, however, which lies just out- 
side its proper limits. This latterpart of the subject carries us 
over & most instructive discussion of the paragenesis of the min- 
erals peculiar to these veins. 

The special portion of the work (655 pages), which forms the 
bulk of the volume, is devoted to the minute description of 
the mineral species, 73 in number. How rich this is will be in 
part appreciated from the fact that some ten new species are 
here described, while of many old species we have monographs 
of the first importance. Of the new species, a number have 
already been briefly characterized in this Journal (xxxv, 416) 
from a preliminary article by the author published in 1887. 
These are: Barkevikite, calciothorite, melanocerite, nordenskidld- 
ine, rosenbuschite. Besides these we have descriptions of the 
following : HamBERGITE, a borate of beryllium in orthorhombic 
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crystals; JOHNSTRUPITE, a titano-silicate of the cerium metals, 
calcium, sodium, ete.; it is allied to mosandrite, and near it in 
erystallization ; Hiorprpau ite, a fluo-silicate of zirconium, cal- 
cium, sodium ; it occurs in tabular triclinic crystals near wéhlerite 
in form; Karyocerire, a silicate containing boron, thorium, the 
cerium metals, calcium and others in smaller amount; occurs in 
rhombohedral crystals, tabular in habit; WerrByEITE, a carbon- 
ate of the cerium metals near parisite. The descriptions of these 
new species are models of thoroughness, and not less valuable are 
the monographs on hydrargillite, the species of the thorite, sodalite 
nephelite, mica, pyroxene, amphibole and feldspar groups, also 
lavenite, leucophanite, homilite, acmite and girite, and many 
others. On the chemical side the author has had the assistance 
of Professor Cleve and other chemists whose many careful analy- 
ses add much to the value of the work. Mineralogists owe their 
thanks not only to the author and those who have directly aided 
him, but also to the editor and publisher of the journal ot which 
this work forms the sixteenth volume. 

5. Catalogue of Minerals for sale by George L. English & Co. 
Philadelphia, 1890.—This catalogue contains a convenient list of 
the species arranged as in Dana’s System (with appendixes) and 
including also others of recent date. The volume is issued in 
attractive form and its value is increased by the republication of 
a number of papers, with figures, on copper arsenates from Utah, 
phenacite, bertrandite, etc. from Colorado, beryllonite from Maine, 
and others. 


III. Borany. 


1. Catalogue of Plants found in New Jersey; by N. UL. 
Britton, Ph.D., Trenton, N. J., 1889, pp. 642.—Dr. Britton, of 
the Torrey Herbarium, Columbia College, published in 1881, a 
preliminary Catalogue of New Jersey Plants, and, in 1888, in 
conjunction with five associates, a preliminary catalogue of the 
flowering plants and ferns reported as growing spontaneously 
within one hundred miles of New York City. In the latter, the 
nomenclature was revised and corrected by Dr. Britton and 
Messrs. Sterns and Poggenburg. The present catalogue preserves 
the nomenclature employed in the earlier work. To the lists, 
Mr. Rau contributes the Sphagna, while the rest of the Bryophyta 
have been arranged by Mr. Rau and Mrs. Britton, after the C. F. 
Parker list. Mr. Rau has given also a list of Hepatice. Dr. T. 
F. Allen takes the Characez, and D. Eckfeldt the Lichens, basing 
his enumeration on Professor Tuckerman’s determinations of Mr. 
Austin’s collections. The catalogue of Marine Alge is contrib- 
uted by Mr. Martindale, and the Fresh-water forms by Rev. F. 
Wolle, the two lists being combined by Dr. Britton into a single 
series. The Diatoms are given by Professor Kain; the Fungi by 
Mr. Ellis and Mr, Gerard. 

From Dr. Britton’s interesting tables we transcribe the follow- 
ing data which possess much more than a local importance. 
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The State of New Jersey lies between the parallels of 38° 55’ 
and 41° 21’ north latitude, and the meridians 73° 55’ and 75° 33’ 
of longitude west of Greenwich, comprising somewhat above 
8,000 square miles in area. Within these limits there are found : 


Dicotyledonez 
Monocotyledones 
Total Angiosperme 
Total Gymnosperme 


Total Anthophyta 
Total Pteridophyta 
Total Bryophyta - 
Total Thallophyta 
Total Protophyta 


The catalogue will prove useful not only to local collectors, on 
account of the great care with which the stations have been 
given but will be of service to all those who are interested in the 
problems of geographical botany. G. L. G. 

2. List of Plants—We have to note the following recent lists, 
mostly with annotations. (1.) A list of plants collected by Dr. 
E. A. Mearnes, Arizona, by Dr. N. L. Brirron. In the same 
number is printed also a paper by Dr. Rusby on the general 
floral characters of the San Francisco and Mogollon Mountains 
of Arizona and New Mexico. Trans. N. Y. Acad. Sce., vol. viii. 
(2.) List of plants collected by Dr. E. Palmer, in Lower Califor- 
nia in 1889. By Grorce Vasey and J. N. Rose, from Proceed- 
ings of U. S. National Museum, vol. xi. (3.) List of plants 
collected by Dr. E. Palmer in 1888, in Southern California, by 
the authors of the list above noticed, also by the same, the fol- 
lowing: (4.) List of plants collected by Dr. E. Palmer, at Lagoon 
Head, Cedros Island, San Benito, Guadalupe, and the Head of 
the Gulf of California. The two last are printed as No. 1 of the 
Contributions from the National Herbarium, Washington. (5.) 
Plants from Baja, California, by T. S. BRaANDAGEE, including sup- 
plementary papers by Dr. Grorcre Vasey, Dr. C. F. 
paucH, Dr. H. W. Harkness, and others, Proc. Cal. Acad. Se. 
ser. 2, vol. ii. (6.) Provisional list of the Plants of the Bahama 
Islands, by Professor John Gardiner, University of Colorado. 

3. Preparation of sections for the study of the development of 
organs.—GoETHART, (Bot. Zeit. June 6, 1890) makes a sugges- 
tion in regard to the use of Elder-pith for the cutting of sections 
which has proved useful in some rather troublesome cases. From 
the pith, a long vertical slice is made which fits by means of a 
tongue into a notch on the larger part, and thus a firm grasp is 
obtained for the preparation placed between the, two. Around 
the upper part a very thin platinum wire is wound, and the whole 
is then placed in alcohol to harden. Exceedingly thin sections 
can be made in this manner; the specimens can be placed at will 
in any position and kept there firmly. G. L. G. 
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4, On the Ascent of colored liquids in living plants.—In Bot. 
Zeit., May 30, WIELER calls attention to an article by GopPEts- 
ROEDER, which has not yet come directly under our hands. 
From Wieler’s notice, it appears that a very large number of 
coal-tar colors can pass into the plants observed, provided the 
solutions are very dilute. Experiments in this direction were 
conducted in the Botanical Laboratory of Harvard College dur- 
ing the past winter, by two students, whose work is nearly ready 
for publication. From their studies it is plain that there is a 
wide difference in the power of different plants to absorb these 
solutions, and there are also very great differences as regards the 
absorption of different colors by any single plant. In some in- 
stances it has been possible to replace one color by another, pro- 
vided the roots remain sound. Those cultures succeeded best in 
which the solutions were kept very slightly acid, as was naturally 
to be expected. The distribution of color in the tissues of the 
plants experimented on was very different, even in the same 
species. It has been impossible to resist the conclusion that in 
nearly every case the employment of the liquid introduced a dis- 
turbing factor, the effects of this disturbance being diverse. In 
the case of seedlings the plants were prone to yield to attacks of 
moulds, and speedily decay. Experimenters must keep in mind 
the fact that colored solutions are easily absorbed through in- 
jured roots, and, further, that plants with injured roots can live 
and grow slowly for a considerable time. G. L. G. 

5. Analytical Key to the Genera and Species of North Amer- 
ican Mosses; by Professor C. F. Barnes, Madison, Wise. 
Pamphlet.—This most useful work is distinguished by its sharp 
lines of definition. In the few cases in which we have put it to 
a practical test it has made short work of difficulties. It supple- 
ments admirably the treatise of Lesquereux and James. G. L. G. 

6. Structural and Systematic Botany ; by Professer D. H. 
CamPBELL. Ginn & Co., Boston, 8vo, 253 pp. The author has 
taken for his work the title which Dr. Gray gave to his compre- 
hensive treatise very many years ago, and which survives asa 
minor title even in the sixth edition. A cursory reading im- 
presses us favorably, leading us to believe that the work will be 
useful in the hands of judicious teachers, and in much the 
same way as the excellent treatise by Professor Bessey. With 
these two works and the plain practical Plant-Dissection by 
Professors Arthur, Barnes and Coulter, botanical students are 
likely to have enough guidance of the right character. The ad- 
vice in any and all of the foregoing handbooks is sound and safe, 
and it ought to do very much toward turning out a large num- 
ber of earnest workers. G. L. G. 


IV. Astrronomy. 


1. On the Spectrum of the Nebula in Orion; by Wit11aM 
Hvuaerns and Mrs. Hueerns.—A new study of the spectrum of 
the nebula of Orion, with improved instruments and instrumental 
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methods, and under more favorable conditions for observation, 
has enabled the authors to determine more accurately the position 
and character of the principal line. The position determined, 
corrected for the earth’s motion and assuming that the nebula has 
no motion of its own, is A 5004°75. A comparison with the bright 
line of a hydrogen vacuum tube confirmed the conclusion reached 
in 1874 that the nebula has very little of any sensible motion in 
the line of sight. It is also shown that the principal line is not 
coincident with but falls within the termination of the magnesium- 
flame band. As regards the character of the principal line it is 
found that it is sharply defined and presents nothing of the pecu- 
liarity of a fluting. Confirmatory observations by other astrono- 
mers are quoted, and a postscript dated June 15, states that a 
telegram received from the Lick Observatory announces that Mr. 
Keeler had confirmed, in = 5, the position assigned to the princi- 
pal line, namely, as not coincident with but falling within the 
terminal line of the magnesic oxide band. It is hence certain 
that the chief line is not due to magnesium or its oxide. 

A second paper gives some important results of an examination 
of new photographs of the spectrum taken March 14-17. These 
photographs, of almost the same part of the nebula as the photo- 
graph of 1889, showed the lines of hydrogen at / and at H strongly 
impressed upon the plate, though these lines werd ‘carefully searched 
for in vain in the former photographs; also the first two lines of 
the ultra-violet series in the white stars described in 1879, Four 
of these lines had been photographed in the spectrum of hydrogen 
by Dr. H. W. Vogel, in 1879, and the entire series, with the ex- 
ception of one, has been since obtained by Cornu in ‘exceptionally 
pure hydrogen. The line @ at A 3887°8 is strong, and the next 
line # at A3834°5, though much fainter, is certainly present. 
Between the hydrogen lines a and f there is a line stronger 
even than a, which has a wave-length of about A 3868. No line 
is found in the photograph exactly at the place of the solar line 
K; the position of this line appears to correspond to a gap be- 
tween two lines on the plate. 

The strong line which was first seen in a photograph of the 
nebula taken in 1882 is certainly stronger than Hy, and is by far 
the most powerful line in the photographic region, and in position 
it is found to be slightly less refrangible than A 3724. It is be- 
lieved the line will be found to fall between A 3725 and A 3726. 
It is certain that the line does not coincide with any one of the 
three components of the magnesic oxide triplet, but is less refran- 
gible than the middle line at A 3724, and falls between this line 
and the first line of the triplet at A 3730. 

A marked feature of the lines is their abruptly different inten- 
sities at different parts of their length, giving the blotchy appear- 
ance which is characteristic of the lines in the visible spectrum. 
These brighter blotches are sharply bounded, showing that the 
different parts of the nebula are distinct and become suddenly 
brighter than the neighboring parts. The lines of the new pho- 


| 
| 
| | 
| 
| 
| 


Miscellaneous Intelligence. 175 


tographs contain two very strong and abruptly-bounded blotches, 
and a third one less marked. It is now evident that this differ- 
ence in two parts of the lines indicates a different condition of the 
nebula on the two sides of the star-spectra. Other lines besides 
those described in this note are present, not only between G and 
F, but also on the more refrangible side of the strong line about 
1 3725.—Proc. Roy. Soc., March 20, April 16, 1890. 

2. On a new Group of Lines in the Photographic Spectrum 
of Sirius ; by Witt1am Hvueerns and Mrs. Huaerns, (Proc. Roy. 
Soc., April 25.)—In 1879, the author gave an account of a series 
of broad lines in the photographic region of the spectrum, char- 
acteristic of Sirius, Vega, and other white stars, and which was 
identified as a continuation of the spectrum of hydrogen beyond 
H. In photographs taken since, the complete series of the hydro- 
gen lines, including 6 and 2, come out with great distinctness. 
The presence of another group of broad lines was suspected some 
distance farther on in the ultra-violet region, but until this year 
they have not been seen in the photographs with sufficient dis- 
tinctness for even approximate measurement. On April 4th, a 
photograph of the spectrum of Sirius was taken with a long expo- 
sure, the slit being made very narrow. This plate shows that the 
spectrum of Sirius, after the termination of the hydrogen series, 
remains, as far as can now be seen, free from any strong lines 
until a position as far in the ultra-violet as about A 3338 is 
reached, at which place appears the first of a group of at least six 
lines, all nearly as broad as those of the hydrogen series. The 
third line of the group about A 3278 appears to be the broadest, 
but they are all broad, though even in this photograph they are 
not seen with the distinctness which is necessary for ascertaining 
accurately their relative character. The sixth line occurs where 
the spectrum is faint, almost at the limit of this photograph, which 
was taken when Sirius was some distance past the meridian, and 
it is uncertain whether this line completes the group, or whether 
there may not be other lines still more refrangible belonging to 
it. The following are the wave-lengths determined, but they 
must be regarded as only preliminary, and but roughly approxi- 
mate measures of the positions of the new lines: 

2 3338 243311 23278 2 3254 73226 23199 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1, American Association for the Advancement of Science.— 
The 39th meeting of the American Association will open at 
Indianapolis on Tuesday, the 19th of August. The meeting will 
be the 50th anniversary of the organization of the Association of 
Geologists and Naturalists, in whose expansion the present Asso- 
ciation began its existence. The president for the meeting is 
Prof. George L. Goodale, of Cambridge, Mass. 

For all matters pertaining to membership, papers and business 
of the Association, the permanent secretary, Prot. F. W. Putnam, 
should be addressed at Salem, Mass., up to August 15; and from 
Aug. 15 to Aug. 30, the Denison House, Indianapolis. 
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Dr. George W. Sloan is chairman of the Local Committee. 
Members of the Association arriving in Indianapolis before the 
meeting should call for information at the temporary office of the 
local secretary, Alfred F. Potts, No. 19$ N. Pennsylvania street. 

The American Geological Society will hold its semi-annual 
meeting at the State House, on August 19. 

2. Hailstones of peculiar form; by O. W. Huntineron. (Com- 
municated).—During a severe thunder storm at Asquam Lake, 
Holderness, N. H., on July 14th, there was a fall of large hail- 
stones continuing for some 10 minutes. On examination, many of 
the stones proved to be sharply defined crystals having the form 
of a double hexagonal pyramid, resembling dodecahedral quartz; 
others were rounded and flattened and some had a spherical 
nucleus with small partially formed crystals projecting from it. 

3. Oswald’s Klassiker der exacten Wissenschaften. Leipzig, 
1890. (Wm. Engelmann.)—Recent issues in this valuable series 
(this Journal, vol. xxxviii, 256) are the following: 

No. 4. Untersuchungen ueber das Jod, von Gay Lussac (1814), 

No. 5, Allgemeine Flachentheorie (Disquisitiones generales circa superficies 
curvas), von Carl Friedrich Gauss (1827). 

No. 6. Ueber die Anwendung der Wellenlehre auf die Lehre vom Kreislaufe 
des Blutes und insbesondere auf die Pulslehre, von E. H. Weber (1850). 

No. 7. Untersuchungen ueber die Linge des einfachen Secundenpendels, von 


F. W. Bessel (1826). 
No. 8. Die Grundlagen der Molekulartheorie. Abhandlungen, von A. Avogadro 


und Ampére (1811-1814). 
No. 9. Thermochemische Untersuchungen, von G. H. Hess (1839-1842), 
No. 10. Die mathematischen Gesetze der inducirten elektrischen Stréme, von 


Franz Neumann (1845). 

No. 11. Unterredungen und mathematische Demonstrationen iiber zwei neue 
Wissenszweige die Mechanik und die Fallgesetze betreffend, von Galileo Galilei. 
Erster und zweiter Tag (1638). 

No. 12. Allgemeine Naturgeschichte und Theorie des Himmels oder Versuch 
von der Verfassung und dem mechanischen Ursprunge des ganzen Weltgebiudes 
nach Newtonischen Grundsatzen abgehandelt. von Immanuel Kant (1755). 

OBITUARY. 

Curist1AN Henry Freperick Perers, the ever active and 
accomplished astronomer, at the head of the Observatory of 
Hamilton College, Clinton, N. Y., died on the 19th of July, in 
his 77th year. In 1838, having two years before taken the 
degree of Doctor of Philosophy at Berlin, he was with von Wal- 
tershausen in his study of Mt. Etna, and afterward on the Geodetic 
Survey of Naples. After the revolution of 1848 he left Italy, and 
in 1853 came to the United States. He received an appointment 
from the U.S. Coast Survey, and was for a while at the Cam- 
bridge and then the Albany observatory, before his call in 1858 
to Hamilton College. His laborious work of mapping the stars 
was rewarded by the discovery of forty-seven asteroids. In 
1882 a first series of his “Celestial Charts,” twenty in number, 
was published. His results also include observations on comets, 
on solar spots, on the Transit of Venus on the New Zealand Expe- 
dition in 1874, when he took 237 photographs, and observations 
at the Solar Eclipse of 1869, at Des Moines, Iowa. 
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APPENDIX. 


Art. XXI.—Notice of some Extinct Testudinata; by 
O. C. Marsu. (With Plates VII and VIIL) 


THE remains of various Testudinata, some of special inter 
est, have recently been examined by the writer. A_ brief 
description of a few of these is given below, and this, with the 
figures on the accompanying plates, will make known their 
main characters. Descriptions of other important specimens 
of the same group will be given in later communications. 


Glyptops ornatus, gen. et sp. nov. 


The present genus is represented by a number of charac- 
teristic remains, among the most interesting of which is the 
skull shown on Plate VII, figure 1, which may be considered 
the type specimen. A striking feature of this skull is that its 
entire external surface is elaborately sculptured. This charac- 
ter, hitherto unknown in the Zestuwdinatu, has suggested the 
name proposed. 

In its general features, this skull resembles that of Chelydra 
serpentina, Lin. It is wedge-shaped in form, when seen from 
above, as shown in figure 1. The orbits are small, and well in 
front. The nasal opening is directed upward, rather than for- 
ward. The premaxillaries project downward in front into a 
tooth-like beak. The nasals appear to be distinct. The max- 
illaries are deeply grooved below, but show no indications of 
true teeth. The skull is roofed over posteriorly, as in Chelone, 
and some other sea-turtles. 
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Portions of two other skulls beside the type specimen are 
preserved, and these afford several additional characters. 
They belong apparently to the same species. 

There is a post-temporal arch. The occipital condyle is 
nearly round, and has a deep pit in the center. The condyle 
is formed entirely of the basioccipital, as the thin exoccipital 
plates do not reach the articular surface. The basioccipital 
processes are prominent, and directed backward. The ptery- 
goids separate the quadrates and the basisphenoid. At their 
union with each other, they are much constricted, but expand 
in front. The quadrate is stout and curved, and its articular 
face is deeply notched. 

The lower jaws referred to this species are slender and 
much less sculptured than the skull. The dentary bones unite 
at the symphysis by a short, open suture, and form a sharp 
elevated point to meet the decurved tooth-like beak above. 
The upper border is quite sharp, and fits well into the deep 
alveolar suleus of the maxillary. 
The carapace, represented in Plate VII, figure 2, was not 
found with the skull, and may possibly represent a distinct 
| form. It resembles the corresponding part in Dermatemys, 
| but the costals do not meet on the median line. It has the 
complete number of eight neurals, and in this and some other 
characters resembles /elochelys, von Meyer, from the Creta- 
ceous Greensand of Germany, and Plewrosternon, of Owen, 
from the English Purbeck. 

The plastron of a third individual had mesoplastral bones, 
an intergular plate, and inframarginals, as in the above genera. 
The pelvis was not codssified with the carapace or plastron. 
The sculpture of both carapace and plastron is similar to 
that of the skull. 

The present genus appears to be most nearly related to 
Compsemys of Leidy, from the Cretaceous, but as the skull of 
that genus is not known their more exact relations cannot at 
present be determined. 

The specimens here described are from the Atlantosaurus 
beds of the Upper Jurassic of Wyoming, and hence are among 
the oldest known American turtles. They appear to represent 
a distinct family which may be called the Glyptopside. 


Adocus punctatus, sp. nov. 


The type specimen of this species is in part represented on 
Plate Vil. figure 3. The plastron belonging with the cara- 
pace shown is also in excellent preservation. The skull is not 
known. The structure of the carapace indicates that this 
specimen is nearly related to that described by Leidy, under 
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the name Hmys beatus,* but the present form may be distin- 
guished by the deep distinct pits which mark the whole 
external surface. 

The plastron shows evidence of an intergular plate, and 
inframarginals. There is no mesoplastron. 

The nearest living form is probably Dermatemys, from 
Central America. 

The present specimen is from the Cretaceous of New Jersey. 


Testudo brontops, sp. nov. 


The present species includes the largest American tortoises 
known, living or extinct. The type specimen, represented on 
Plate VIII, one-twelfth natural size, is not more than one-half 
as large as some seen by the writer in the Miocene of Dakota, 
near the base of the Brontotherium beds. They were sur- 
passed in size only by the gigantic forms from the Pliocene of 
India. 

The present species is very nearly related to the recent 
Testudo elephantopus, Harlan, from the Galapagos islands, 
and to the huge forms from Madagascar. It differs from the 
former in the presence of a nuchal plate, and from both, in 
the long median suture between the first marginal plates. 
The anterior portion of the plastron, moreover, projects con- 
siderably in front of the carapace. Other distinctive features 
are shown in the figures. 

The specimen here described was secured by Mr. J. B. 
Hatcher, from the lower Miocene of Dakota. 


New Haven, Conn., July 18th, 1890. 


EXPLANATIONS OF PLATES. 


VII. 
FiaurRe 1.—Skull Glyptops ornatus, Marsh; top view; natural size, 
"IGURE 2.—Carapace of same species; top view; one-fourth natural size. 
Figure 3.—Carapace of Adocus punctatus, Marsh; top view; one-eighth 
natural size. 


PLaTE VIII. 


Figure 1.—Testudo brontops, Marsh; front view. 
Figure 2.—The same specimen ; top view. 
FiGuRE 3.—The same; bottom view. 

All the figures are one-twelfth natural size. 


* Cretaceous Reptiles, page 107, Plate XVIII, figure 1, 1865. 
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Figure 2, Guyprops, 4; 3, Apocus, }. 
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Verlag von Wilhelm Engelmann in Leipzig. 


W. Brogger 
Die Mineralien der Syenitpegmatitginge 


der 


Siidnorwegischen Augit- und Nephelinsyenite, 


(Zeitschrift fiir Krystallographie und Mineralogie, herausgegeben von P. Groth, XVI. Band.) 


Mit 58 Teaxtillustrationen, 
27 lithographischen Tafeln und 2 geologischen Karten. gr. 8°. 
grap geotog g 


Preis .4 40 ftir Abnehmer der Zeitschrift; 
»  » 60 fir Nichtabnehmer derselben. 


Die vorstehend angezeigte Publikation wird zweifelsohne fiir die natur- 
wissenschaftliche Kenntniss Skandinaviens von epochemachender Bedeu- 
tung werden. Das Christianiagebiet ist bekanntlich in geologischer 
und mineralogischer Beziehung eines der ‘interessantesten auf der ganzen 
Erde, und die grissten Geologen, L. von Buch, C. F. Naumann, 
Ch. Lyell, R. J. Murchison, Th. Scheerer (um nur Verstorbene zu 
nennen), sammelten hier Beobachtungen, welche fir die Entwicklung der 
geologischen Anschauungen von fundamentaler Bedeutung wurden. Die 
Mineralien der Gegend von Brevik, Fredriksvirn u. a. Orten boten das 
Material ftir viele der unvergesslichsten Entdeckungen von Berzelius, 
und reihten, namentlich durch die Bemithungen des Pfarrers Esmark 
in allen Sammlungen verbreitet, die einzelnen Fundorte jener Gegend 
unter die berithmtesten, welche tiberhaupt existiren, ein. Die grundlegende 
Kenntniss des geologischen Aufbaues verdankt man besonders den For- 
schungen B. M. Keilhau’s und Th. Kjerulf’s, namentlich in der ersten 
Halfte und wihrend der fiinfziger und sechziger Jahre unseres Jahrhunderts. 
Seitdem sind jedoch die Hilfsmittel, welche die Mineralogie und die mi- 
kroskopische Petrographie der geologischen Forschung darbieten, so ver- 
vollkommnet worden, dass zu erwarten war, eine erneute Bearbeitung 
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jenes wichtigen Gebietes werde noch vieles Neue erkennen und manche 
noch zweifelhafte Frage entscheiden lassen. Von diesem Gesichtspunkte 
ausgehend hat Herr W. C. Brégger, Professor der Mineralogie und Geo- 
logie an der Hochschule Stockholm, friiher in Christiania und Schiiler 
Kjerulf’s, seit 15 Jahren es sich zur Aufgabe gemacht, die merkwiir- 
digen Minerallagerstitten jener seiner engeren Heimath spezieller zu er- 
forschen, und eine Reihe vorliufiger Mittheilungen tiber neu entdeckte 
Mineralien liessen bereits erkennen, welche Fille neuer und wichtiger 
Beobachtungen ihm gelungen war. Auf Grund umfassender Aufsamm- 
lungen an Ort und Stelle, durch Benutzung des von Freiherrn von 
Nordenskiéld zur Verfiigung gestellten reichen Materials des Reichs- 
museums und mit Hilfe der Untersuchungen einer Reihe von hervor- 
ragenden Chemikern, wie Professor Cleve, Blomstrand u. A., welche 
die zugehiérigen Analysen tibernahmen, ist nun das vorgenannte Werk 
entstanden, auf dessen Inhalt im Folgenden mit einigen Worten hinge- 
wiesen werden soll. 

Ein allgemeiner Ueberblick tiber die Geologie des Christianiagebietes 
lehrt uns, dass dasselbe einen zwischen dem dstlich und westlich davon 
gelegenen Grundgebirge eingesunkenen Landstreifen bildet, zusammen- 
gesetzt aus silurischen Schichten und aus, diese durchsetzenden, Eruptiv- 
gesteinen. Auf Grund zahlloser Einzelbeobachtungen wird nun das rela- 
tive Alter dieser verschiedenen Bildungen bestimmt und zum ersten Male 
eine exacte Unterscheidung der mannigfachen, daselbst auftretenden 
Eruptivgesteine durchgefiihrt, welche schon desshalb ein besonderes In- 
teresse haben, weil die Mehrzahl derselben Typen darstellen, die auf der 
ganzen tibrigen Erde unbekannt sind. Das wichtigste Resuitat dieses 
Theils der Untersuchung besteht nun darin, dass sich eine stetige Aen- 
derung der Beschaffenheit jener Gesteine mit ihrem geologischen Alter 
zeigte, welche auf einen genetischen Zusammenhang der aufeinander- 
folgenden Eruptionen hinweist. Als einzig mégliche Erklirung der com- 
plicirten, in dem ganzen Gebiete herrschenden Verhiltnisse ergiebt sich 
die Annahme, dass unter demselben lange Zeit hindurch ein von einem 
allgemeinen gluthfliissigen Erdinnern abgesperrtes Bassin vorhanden ge- 
wesen, aus welchem durch Einsinken der dariiber befindlichen festen Mas- 
sen das geschmolzene Magma nach und nach hinaufgepresst worden sei, — 
und es wird ausftihrlich nachgewiesen, wie die Verschiedenheit der Zu- 
sammensetzung der einzelnen Eruptionen sich durch die nothwendig er- 
folgenden Aenderungen in dem »Magmabassin« erkliren lassen. 

An diese Bildungsgeschichte des Christianiagebiets schliesst sich nun 
die Geologie der syenitischen und nephelinsyenitischen Pegmatitginge der 

Kiiste zwischen dem Christianiafjord und dem Langesundfjord an. Durch 
das sorgfiltige Studium der eigenthtimlichen Structurverhiltnisse dieser 


Gesteinsginge, ihres Verhaltens zu den Schichten, welche von ihnen 
durchbrochen wurden, u. s. w. wird gezeigt, dass es sich hier um wahre 
eruptive Gesteine handelt, welche aus einem Magma aufgedrungen und 
in Spalten erstarrt sind, und dass sich dieselben mit denjenigen Gesteinen 
in Zusammenhang bringen lassen, welche als michtige Eruptivmassen 
einen so wichtigen Antheil an dem Aufbau des ganzen Gebietes nehmen. 
Die Masse dieser Giinge entstammt also dem gleichen Magmabassin, dessen 
Inhalt zum Theil in zahlreiche Spalten der daribergelagerten Gebirgs- 
massen eingepresst wurde und hier unter ganz besonderen Verhiltnissen 
erstarrte. Dadurch sind nun auf diesen Gingen jene merkwiirdigen 
Mineralcombinationen entstanden, welche bisher so rithselhaft schienen 
und die Aufmerksamkeit der Mineralogen seit dem Beginn des Jahr- 
hunderts auf sich zogen. Deren eingehende Untersuchung hbildet den 
umfangreichsten Theil des Werkes. Von der Fiille der hier nieder- 
gelegten Einzelbeobachtungen kann nattirlich an dieser Stelle keine 
Rechenschaft gegeben werden: es gentige darauf hinzuweisen, dass der 
spezielle Theil des Buches nicht weniger als 73 monographische Mineral- 
beschreibungen mit 27 Tafeln krystallographischer und mikroskopischer 
Abbildungen umfasst und dass in der mineralogischen Literatur wohl 
noch kein Werk existirt, welches eine ahnliche Summe wichtiger For- 
schungsresultate in sich vereinigt. 

Zu Bestellungen wolle man sich des nachstehenden Zettels bedienen. 


Leipzig, April 1890. 


Wilhelm Engelmann. 


Verlag von Wilhelm Engelmann in Leipzig. 4 


Hiermit bestelle ich bei der Buchhandlung von... 
in. 


_ Brégger, Die Mineralien der Syenitpegmatitginge ete. gr. 8°. 
(Zeitschrift f. Krystallogr. u. Mineralogie. XVI. Band.) 


Ort: Name und Stand: 


Druck von Breitkopf & Hartel in Leipzig. 


| 
1 
r 


| 
| 
| 
| 
} 
| 
} 
| ‘ 
| 


> 
‘ 

7 3 

2 

= 

— : : 

= 
; 
= 
2 A 

= 

J 

De : 2 

5 

— 

= 
E 
. 
= 

4 = 

: 

— 5 


REPORTS OF THE GEOLOGICAL SURVEY OF ARKANSAS. 
JOHN C. BRANNER, STATE GEOLOGIST. 
- An act of the legislature of Arkansas directs that the reports of the State 
Geological Survey shall be sold by the Secretary of State at the cost of printing 
and binding. The Reports issued, and their prices by mail are as follows: 
ANNUAL REPORT FOR 1888. 


Vou. I. On the gold and silver mines, and briefly on nickel, antimony, manga- 
nese and iron in western central Arkansas. Price $1.00. 
Vou, II. On the general mesozoie geology, chalk, greensands, gypsum, salines, 
timber, and soils of southwestern Arkansas. Price $1.00@. 
Vou. III. On the coal of the state, its distribution, thickness, characteristics, 
analyses and calorific tests. Price 75 cents. 
Other volumes will soon be issued. e 


Address, Hon. B. CHISM, Secretary of State, Little Rock, Ark. 
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ROWLAND’s PHOTOGRAPH OF THE NORMAL SOLAR Spectrum. New edition now 
_ ready. $20 for set of ten plates, mounted. 
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T. Bruce. 46 pp. and 7 plates. $3.00, cloth. 
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